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Summary 
 
 
 
Road freight is an important aspect of the growing Australian economy. Between 2009 and 
2014, there has been an increase of approximately 14.7% in the number of registered heavy 
vehicles, including light rigid, heavy rigid and articulated vehicles. Due to the operational (e.g. 
acceleration/deceleration, manoeuvrability) and physical (e.g. length, size) characteristics of 
heavy vehicles, they impose negative impacts on surrounding traffic, including increased traffic 
congestion, reduced traffic safety and environmental impacts, such as increased vehicular 
emissions (hydrocarbons, carbon monoxide, NOx and carbon dioxide). The negative impacts 
imposed by heavy vehicles are intensified at interrupted traffic flows due to the presence of 
traffic lights. The acceleration/deceleration performance of heavy vehicles at traffic lights is 
lower than that of light vehicles.  
 
Due to the physical and operational characteristics of heavy vehicles, they impose negative 
impacts on the surrounding traffic. Different strategies have been applied to urban corridors to 
mitigate these impacts. Signal coordination will be implemented as a heavy vehicle 
management method. This research will test whether signal coordination may be a viable option 
to control heavy vehicles on an urban corridor. On the other hand, this research will implement 
a restriction strategy which restricts heavy vehicles based on their type (rigid, heavy 
combination and multi combination) as another form of heavy vehicle management. The road 
section that is used in this research is a section of Princes Highway in Melbourne, Australia. 
This section is 8.2 km long with 3 lanes on each direction, and 13 signalised intersections within 
that distance. This section is selected since it is one of the main corridor
in Melbourne with high percentage of heavy vehicles. In addition, many traffic signals exist in 
the selected section of highway which forms interrupted traffic flows. The research is initiated 
by modelling the corridor of study using VISSIM microscopic traffic simulation package. The 
model is built based on the physical characteristics of Princes Highway including number of 
lanes, lane widths, entry points and exit points. 
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In this research, signal coordination is examined to assess its validity as an efficient method to 
reduce congestion caused by heavy vehicles. Three different signal coordination set-ups are 
used in this research. The first set-up targets passenger cars as the main beneficiary of signal 
coordination. The second set-up targets heavy vehicles as the main beneficiary of signal 
coordination. The third and final set-up targets all vehicles on the corridor. The influence of 
signal coordination was evaluated at existing heavy vehicle compositions, then the heavy 
vehicle composition is increased at 5% increments reaching up to a 30% heavy vehicle 
composition. Increasing the heavy vehicle compositions tested the ability of signal 
coordination to cope with the increased number of heavy vehicles in the corridor. The results 
from this research shows that signal coordination can be used as a heavy vehicle management 
method on a highway with interrupted traffic flows and during congestion. In addition, this 
research also shows that signal coordination is capable of handling high heavy vehicle 
compositions.   
 
On the other hand, three restriction strategies are evaluated in this thesis. Each restriction 
strategy restricts a certain type of heavy vehicle. The heavy vehicle types are categorised based 
on the guidelines used in the State of Victoria, Australia. The first management strategy 
restricts multi combination vehicles from using the corridor. The second strategy restricts multi 
and heavy combination vehicles from using the corridor. The third strategy restricts all heavy 
vehicles from using the corridor. This research has provided insight on the influence of a 
vehicle type restriction strategy. The main reason for proposing such a restriction strategy is to 
differentiate between the types of heavy vehicles and provide a clear picture of the influence 
that each heavy vehicle type poses on the surrounding traffic.   
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Chapter 1 Introduction 
 
 
 
1.1. Background 
 
Road freight is an important aspect of the growing Australian economy. Between 2009 and 
2014, there has been an increase of approximately 14.7% in the number of registered heavy 
vehicles, including light rigid, heavy rigid and articulated vehicles (Australian Bureau of 
Statistics, 2014). Due to the operational (e.g. acceleration/deceleration, manoeuvrability) and 
physical (e.g. length, size) characteristics of heavy vehicles, they impose negative impacts on 
surrounding traffic (Lake et al., 2002), including increased traffic congestion, and reduced 
traffic safety and environmental impacts, such as increased vehicular emissions 
(hydrocarbons, carbon monoxide, NOx and carbon dioxide). 
The negative impacts imposed by heavy vehicles are intensified at interrupted traffic flows 
due to the presence of traffic lights. The acceleration/deceleration performance of heavy 
vehicles at traffic lights is lower than that of light vehicles.    
Signal coordination, which is a form of optimising signalised intersections, can be simply 
explained as providing cascading green lights on a road to move a platoon of vehicles without 
the need to stop at red lights. Signal coordination is known for reducing the number of stops, 
delay times, fuel consumption and vehicular emissions. However, these results are based on 
passenger cars. Since the main focus of the present research is heavy vehicles, the aim is to 
evaluate signal coordination to determine if it could be implemented to serve heavy vehicles, 
which have lower performance figures than light vehicles.   
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Because of the negative impacts of heavy vehicles on surrounding traffic, suitable 
management methods should be implemented to accommodate the increased number of 
heavy vehicles. A typical method of managing heavy vehicle movement is achieved by the 
implementation of various heavy vehicle restriction strategies, usually involving space or 
time restrictions. Space restrictions refer to restricting the movement of heavy vehicles to 
single or multiple lanes, and time restrictions refer to banning the movement of heavy 
vehicles during certain hours of the day (morning and afternoon peak periods). Other heavy 
vehicle management strategies include banning heavy vehicles from using certain roads. 
To ensure the efficient evaluation of both management methods, VISSIM (German 
abbreviation for Verkehr In Städten –SIMulations Modell) microscopic traffic simulation 
software is used. Different heavy vehicle management strategies and signal coordination 
policies targeting heavy vehicles are modelled. The VISSIM modelling process goes through 
two main stages, development and validation. The main traffic measures of efficiency are 
average speeds, average travel times and average delay times.  
1.2. Research Objective 
 
The broad aim of this research is to reduce congestion at urban corridors with interrupted 
traffic flow by applying different strategies for the control and management of heavy 
vehicles. Consistent with this broad aim, the following objectives are defined for this 
research: 
 
❖ Assessment of the influence and impacts of heavy vehicles on surrounding traffic, 
specifically during traffic congestion.  
 
❖ Implementation of signal coordination as an alternative to restriction strategies by 
modifying signal design parameters which take heavy vehicle’s limited performance 
into consideration, and analysing the influence on traffic measurements using 
VISSIM microscopic traffic simulation software.  
 
❖ Introducing different restriction strategies and evaluating their influence on traffic 
measurements using VISSIM microscopic traffic simulation software.  
Chapter 1 Introduction 
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1.3. Research Structure 
 
This dissertation is structured to achieve the research objectives which are presented in the 
previous section. Figure 1.1 illustrates the structure of this dissertation.   
The following chapters are structured as follows.  
In Chapter 2, different heavy vehicle restriction strategies are evaluated, and the advantages 
and disadvantages of these restriction strategies are summarised. Signal coordination methods 
are also reviewed, focusing on the relevant measures of efficiency in each study, such as 
delay time and number of stops. The advantages and disadvantages of signal coordination 
methods are discussed where appropriate. Finally, current knowledge and existing gaps are 
summarised.  
Chapter 3 provides the research framework guiding this research. The research methodology 
used to complete this research is comprehensively presented. In addition, the data set used in 
this research is presented. Finally, the VISSIM microscopic traffic simulation software is 
explained.  
Chapter 4 presents the model development process used in this study. The chapter will 
explain the corridor modelling, calibration and validation of the VISSIM model. In addition, 
the influence which heavy vehicles pose on the surrounding traffic is also examined in this 
chapter.  
Chapter 5 assesses the ability of signal coordination to act as a tool to manage heavy vehicle 
movements. The results from VISSIM will be presented and analysed, along with relevant 
performance measures. The performance measures discussed in this chapter will be average 
speeds, average travel times and average delay times.  
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Figure 1.1: Research Structure 
In Chapter 6, the different restriction strategies selected for this research will be 
demonstrated. In addition, the results attained from VISSIM simulation runs for each 
restriction strategy will be discussed. The performance measures discussed in this chapter 
will be similar to those mentioned in Chapter 5.  
Finally, Chapter 7 includes the final research conclusions, the major findings and future 
research directions.   
 
 
Chapter 1 - Background and research 
objectives
Chapter 2 - Literature Review
Chapter 3 - Research Framework and Data Set
Chapter 4 - VISSIM Microscopic Traffic 
Simulation
Chapter 5 - Signal Coordination Model 
Results
Chapter 6 - Analysis of Restriction Strategies
Chapter 7 - Conclusions, Recommendations 
and Future Research Directions
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Chapter 2 Road Freight Management: Signal 
Coordination vs. Restriction Strategies 
 
 
 
2.1. Introduction 
 
This chapter reviews the existing literature on road freight management and heavy vehicle 
restriction strategies around the world. The strengths and weaknesses of each restriction 
strategy are reviewed based on traffic operational and safety characteristics. Another major 
topic addressed in this chapter is the evaluation of signal coordination, and the existing 
knowledge on various methods of signal coordination. The strengths and weaknesses of 
signal coordination methods are addressed in the reviews of existing studies. In each of the 
two major parts, limitations of the existing studies are identified.  
2.2. Road Freight Management Strategies 
 
Due to the physical and operational characteristics of heavy vehicles, they impose negative 
impacts on the surrounding traffic (Moridpour et al., 2011); (Vidunas and Hoel, 1997). 
Different strategies have been applied to urban corridors to mitigate these impacts(Liu and 
Garber, 2007). The strategies examined throughout this research are space restriction (Lord et 
al., 2005) and time restriction which are shown in Figure 2.1. Signal coordination is 
considered as an alternative to restriction strategies. This research will test whether signal 
coordination may be a viable option to control heavy vehicles on an urban corridor. 
Therefore, different signal coordination methods are also reviewed. 
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2.2.1. Signal Coordination 
 
Signal coordination is where offsets of traffic signals are coordinated in one travel direction 
to provide cascading green lights for drivers without requiring them to stop at a red light 
(Chen et al., 2011). Coordination methods can be categorised into two categories: fixed and 
dynamic (Ratrout and Reza, 2014). A fixed coordination method applies pre-set offset times, 
while a dynamic method relies on sensory data usually obtained from detectors to adjust the 
offset times based on the traffic flow (He and Hou, 2012). The major benefits of signal 
coordination include reduction in delay times, decrease in congestion, vehicle speed control 
and reduction in fuel consumption and vehicular emissions (Nair et al., 2013; Yang et al., 
2015).      
Jovanis and Gregor, 1986) compared pre-timed signal coordination and actuated signal 
coordination on an arterial road, without losing sight of the Level Of Service (LOS) on side 
streets of the arterial. A section of Pershing road in Decatur, Illinois, US, with 2.1 km length, 
4 lanes, 6 signalised intersections and 3 unsignalised intersections was selected as their case 
study. Cycle lengths which ranged between 40 and 140 seconds were considered in the study, 
and an evaluation of each cycle length in relation to the side street LOS was performed in 
order to select the most suitable cycle times for both pre-timed and actuated control methods. 
The assessment indicated that an 80s cycle time was the most efficient one in terms of 
maintaining high LOS values for the side streets. Therefore, a comparison was made between 
the pre-timed and actuated methods of signal control using the most efficient cycle time of 
Road Freight Management Strategies 
Restriction Strategies Signal Coordination 
Space Restriction Time Restriction 
Figure 2.1: Road Freight Management Strategies 
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80s whilst maintaining LOS of A, C and E on side streets. Arterial delay (sec/veh/signal), 
side street delay (sec/veh/signal) and system delay (sec/veh) were the performance measures 
used to compare the results for each cycle time. The microsimulation software NETSIM was 
used to aid in traffic simulation and determine the relevant delay times.  
According to their results, actuated signals can reduce delay at signalised intersections. In the 
80s cycle time scenario, the best pre-timed result was 49 sec/trip with a LOS of E on the side 
streets, while the best actuated result was 57 sec/trip with a LOS of C on the side streets. 
Based on the comparison, it was found that a strong relation exists between the LOS on side 
streets and the pre-timed control method. In the 80s scenario, a reduction of 63% was 
achieved when the LOS on the side streets was reduced from A to E. In addition, it was found 
that if a LOS of A was maintained on the side streets, the arterial road experienced increased 
delays when compared to LOSs of C and E.  It was concluded that the pre-timed control 
strategy proved more efficient in terms of system delay, compared to an actuated control 
strategy (maintaining LOS of C and E) which provided the most efficient results. 
(Cools et al., 2008) compared the use of regular signal coordination against self-organising 
traffic lights (SOTLs). A SOTL only starts the green wave as soon as a certain number of 
vehicles reach and stop at the first traffic signal in the cycle forming a platoon, instead of 
starting the signal coordination based on only the first vehicle to reach the beginning of the 
signal coordination cycle. The simulation software called A More Realistic Vehicle Traffic 
Simulator (moreVTS) was used to model their corridor of study, based on traffic data 
supplied by the Brussels Capital Region in Belgium. The simulation was built for a four-lane 
one-way avenue, carrying dense traffic into the city of Brussels. According to the results, 
delay at traffic signals was reduced by almost 50% using SOTL compared to the regular 
signal coordination method.  
(Patel et al., 2011) aimed to improve delay on a quadrilateral network through the use of 
different phase sequencing and equal cycle time. In order to achieve the best signal 
coordination between signals in this study, an equal amount of cycle time was assigned to 
each of the signals. The appropriate cycle times were then determined by taking the average 
cycle time of all four traffic signals in the study area. However, it was noted by the authors 
that shorter cycle times should be assigned in the case of traffic signals being in close 
distance to one another, in order to achieve better performance. Two other important factors 
Chapter 2 Road Freight Management: Signal Coordination vs. Restriction Strategies 
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were equal phase timings and the phase sequence, both of which help in minimising delay 
and attaining more efficient signal coordination in terms of reduced delay time.  
The results were obtained after applying equal cycle times to all four signals in the study area 
and assigning different phase sequencing to the network. Considerable reductions in delay 
were noted, a 63% reduction in delay being the most notable. However, since the 
methodology was not based on actual traffic data and no microscopic traffic simulation model 
was used, the results did not incorporate various traffic characteristics which microsimulation 
software packages usually take into consideration, such as vehicle types, lane restrictions and 
several other factors which affect delay time. 
(Kelly, 2012) compared the use of a normal arrangement for signals (no signal coordination) 
with signal coordination, and evaluated the effects of both set-ups. The traffic data in the 
study were from the city of Manchester in the UK, specifically the busy suburb of Chorlton-
cum-Hardy. Using the software S-Paramics, the hourly traffic data and the origin destination 
demand data was used to develop the model. 18 intersections were incorporated in the model 
of the Manchester suburb, and the model was applied to the time period 10pm-7am.  
The results achieved when comparing signal coordination to a regular arrangement showed a 
decrease of 7.6% in terms of CO2 emissions, but most importantly, delay time over the entire 
network reduced by 35.2%. Another important result was that intersecting signal-coordinated 
roads was possible in this study. The results would possibly encourage the use of signal 
coordination to improve the level of efficiency in a transportation network, however the 
model was not based on the morning period where traffic volumes are much larger than the 
night period. Consequently, the delay time reduction achieved in the night period would most 
probably be decreased if applied to morning traffic.  
(Lv and Zhang, 2012) examined the effects of signal coordination on emissions, delay times 
and stopping times. Cycle length and offset values were the two main parameters used in this 
study to evaluate the desired emissions and operational values. The quality of coordination 
for each of the cycle length and offset values was quantified using platoon ratio, which was 
defined as the ratio of flow rate during green to the average flow rate in the entire cycle. The 
VISSIM microscopic traffic simulation was used to model two traffic signals which were 
spaced 305 meters apart. The through movement was the only movement considered in the 
analysis, and passenger cars were the only vehicle type to be considered as well. Cycle 
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lengths of 60 sec, 90 sec and 120 sec were used, and offsets were set for each cycle length 
from 0 sec to (-) 10 sec. Therefore, in the case of the 120 sec cycle length, the offset ranged 
from 0 sec to 110 sec. In addition, the software MOVES was used to model the emission rate. 
They used delay time and stop time as the operating measurements in their study.  
They tried different cycle lengths and offset values, and the results showed that an increase in 
the cycle length cause an increase in delay. However, the increase in cycle length did not 
have the same impact on stop times as it did on delay. Regression analyses were also 
performed, and it was found that if the value of the platoon ratio was increased, a reduction in 
delay time and stop time was achieved.  
Table 2.1 presents a summary of the key findings related to signal coordination literature 
review, along with the strengths and weaknesses of each study. 
 
2.2.2. Restriction Strategies 
 
Alternative heavy vehicle restriction strategies have been put in place in an effort to reduce 
the negative impacts of heavy vehicles on the surrounding traffic (Mussa and Price, 2004). 
One of the most common strategies currently used in practice is space restrictions or lane 
restrictions (Collier and Goodin, 2004), where heavy vehicles are usually restricted to the use 
of designated lanes (for instance, one lane out of three lanes) (Adelakun, 2008). Another form 
of separating the movement of heavy vehicles from other vehicles is the use of a physical 
barrier (De Palma et al., 2008), where heavy vehicles are completely separated from other 
vehicles. Separate entry and exit ramps are typically provided for heavy vehicles in the case 
of a physical separation between heavy vehicles and other types of vehicles.  
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Table 2.1: Summary of Signal Coordination Review 
Author Description Parameters Strengths/Weaknesses 
Jovanis and 
Gregor 
(1986) 
Pre-timed signal Control 
vs. actuated signal control 
• Cycle Time, 
• Delay time, 
• LoS. 
• Pre-timed signal control resulted in lower 
delay times compared to actuated signal 
control, 
• LoS on side streets heavily impacted delay 
time on the main road, 
• LoSs of C and E on side streets resulted in the 
lowest delay times. 
Cools et al. 
(2008) 
Signal coordination vs. 
self-organising traffic 
lights 
• Delay time. 
• SOTLs resulted in lower delay times 
(approximately 50%) when compared to 
signal coordination. 
(Patel et al., 
2011) 
Signal coordination at 
network level 
• Cycle time, 
• Phase sequence, 
• Delay time. 
• Equal cycle times and phase sequencing was 
used in a quadrilateral network of signals, 
• No microsimulation modelling. 
(Kelly, 
2012) 
Signal coordination vs. 
Regular signal set-up 
(Uncoordinated) 
• Delay time, 
• Vehicular 
emissions. 
• Signal coordination resulted in lower delay 
times and vehicular emissions compared to an 
uncoordinated scenario, 
• Signal coordination was achievable at 
intersecting roads. 
(Lv and 
Zhang, 
2012) 
Signal coordination effect 
on emissions 
• Cycle time, 
• Offset value, 
• Delay time, 
• Number of stops, 
• Platoon ratio. 
• Increased cycle time caused increased delay, 
• An increase in platoon ratio caused reduced 
delay and stops. 
 
Time restrictions form another type of restriction strategy, typically restricting the movement 
of heavy vehicles on a certain road during peak periods (El-Tantawy et al., 2009). The current 
practice usually defines two peak periods in a day, one in the morning (e.g. 6 to 9 am) and the 
other in the afternoon (e.g. 3 to 6 pm).  The main objective of applying such restriction 
strategies is to achieve an efficient transport network in terms of reduced delay time and 
enhanced road safety that can be achieved by separating heavy vehicles from other types of 
vehicles (Rudra and Roorda, 2014).  
(Hoel and Peek, 1999) evaluated the differences between having heavy vehicle lane 
restrictions and not having any restrictions on highways. The aim of the study was to simulate 
both lane management strategies and assess the operational and safety impacts of applying 
lane restrictions. The authors selected the I-81 corridor in Virginia, USA as their case study, 
since it carries a high percentage of heavy vehicles. The corridor’s traffic volumes were 
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acquired using loop detectors, for each vehicle class. The authors selected FRESIM 
microscopic simulation software as their tool to simulate the lane restriction strategies. They 
used traffic density, number of lane changing manoeuvers per vehicle, and changes in vehicle 
speeds as the performance measures to evaluate their model. The two lane management 
strategies that were compared in their study were having no lane restrictions against having 
heavy vehicles restricted from the left lane, and having no lane restrictions against having 
heavy vehicles restricted from the right lane.  
After analysing the results from each scenario, the authors made three recommendations. The 
first recommendation was to restrict heavy vehicles from the left lane on roads with 4% 
grades or higher. They came to this conclusion, based on the changes in vehicles speeds, 
where the results showed an increase in the speed between heavy and light vehicles in this 
lane management strategy. The second recommendation was not to restrict heavy vehicles 
from the right lane, as the results showed an increase in number of lane changing 
manoeuvres, and increased lane changing manoeuvres indicates an increase in number of 
vehicular conflicts and safety issues on the road. The final recommendation was to retain any 
effective left lane restrictions, since the results obtained from this study did not show any 
disadvantages of this lane management strategy. 
(Gan and Jo, 2003) developed operational performance models to evaluate the efficiency of 
the most suitable heavy vehicle lane restriction strategies. The performance measures which 
were addressed included average speed, total corridor throughput and the average number of 
lane changes. The models were developed using VISSIM microsimulation software. A virtual 
corridor was simulated with a length of approximately 8km. 12 scenarios were developed in 
VISSIM where 3-lane, 4-lane and 5-lane corridors were built. In each of the corridors, the 
heavy vehicle lane restriction scenarios ranged from an unrestricted scenario to only keeping 
one lane open for heavy vehicle use, and the lane restriction was applied in each scenario 
from the left lane to the right lane, as shown in Figure 2.2. Different parameters were entered 
in the simulation, however the major two components were the traffic volume per lane, which 
ranged between 100-2400, and heavy vehicle percentages, which were set at 0%, 5%, 15% 
and 25%.  
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Figure 2.2: Heavy vehicle lane restriction scenarios (Gan and Jo, 2003) 
The results indicated that the average speeds increased when lane restrictions were applied. 
However, this was true only for low percentages of heavy vehicles. When a high percentage 
of heavy vehicles was simulated, the average speed decreased. However, the reduction was 
deemed negligible, except for when a high number of lanes were restricted, where the 
reduction in average speed was not negligible. For instance, the R3 (Figure 2.2) scenario 
reduced the operational performance of the corridor in terms of average speed. These results 
suggested that the appropriate number of restricted lanes should be carefully selected, based 
on the heavy vehicle percentages on any particular corridor. In terms of throughput, it was 
found that lower numbers of restricted lanes resulted in a greater throughput with high 
percentages of heavy vehicles. Meanwhile, higher numbers of restricted lanes with low 
percentages of heavy vehicles resulted in greater throughput, both of which results were in 
comparison with the unrestricted scenario. In terms of speed differential between the two lane 
groups, the difference was significant based on the statistical analysis. In terms of the average 
number of lane changing manoeuvres, the results indicated that the application of heavy 
vehicle lane restrictions reduced the number of lane changing manoeuvers, which in turn 
provides enhanced road safety. Finally, it was concluded that one-lane restrictions were more 
efficient on 3-, 4- and 5-lane corridors, while a two-lane restriction was more suited to 4- and 
5- lane corridors. 
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(Mugarula and Mussa, 2003) analysed the operational impacts of applying a left lane heavy 
vehicle restriction on the 3-lane, I-75 corridor in the U.S. using the microscopic traffic 
simulation software CORSIM. The length of approximately 224 km of the corridor was 
analysed in the study. Average volumes, entrance volumes, exit volumes and percentages of 
heavy vehicles were input data to the model. The day period was set between 06:00am and 
06:00pm, while the night period was set between 06:00pm and 06:00am. Ten scenarios were 
introduced in their study. The performance measures which were used to analyse the impact 
of a left lane heavy vehicle lane restriction were speed, travel time, delay time and the 
number of lane changing manoeuvres. The comparison was made between the unrestricted 
scenario, where all lanes were available for all vehicle types, against the left lane heavy 
vehicle restriction.  
According to the results, the changes in travel times and delay times between the unrestricted 
and restricted scenarios were insignificant, due to the 85th percentile of both vehicle types 
having achieved speeds of more than 120 km/hr, which was approximately 8 km/hr more than 
the posted speed. However, that was not the case for the number of lane changes, as the 
number of lane changes in the unrestricted scenario increased by 11% when compared to the 
restricted scenario in the day-time period. These results indicated that a left lane heavy 
vehicle restriction did not have a negative operational impact on the corridor in terms of 
speed, travel time and delay time. However, the heavy vehicle lane restriction proved 
beneficial to the corridor’s road safety in terms of the reduction in the number of lane 
changing manoeuvers.      
(Cate and Urbanik, 2004) evaluated the operational and safety impacts of heavy vehicle lane 
restrictions by simulating a heavy vehicle restricted lane scenario using VISSIM microscopic 
traffic simulation software. Approximately, 8 km length of the I-40/75 corridor in Knoxville, 
Tennessee, U.S. was selected for the analysis. They used average speed, average travel time, 
vehicle density, LOS, speed difference between the lane groups and the number of lane 
changing manoeuvres to evaluate the restriction strategies. Two main scenarios were 
proposed: the unrestricted scenario, while the other scenario consisted of restricting heavy 
vehicles from using the left-most lane of the corridor. The parameters which were changing 
throughout these two scenarios were such as volume, grade, percentage of heavy vehicles and 
the presence of entry and exit ramps. These were changed to produce 13 different scenarios 
for each of the unrestricted and restricted scenarios.  
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One of the main focuses of this research was terrain grade level. It was found that on level 
terrain, the average speeds, average travel times, vehicle density and level of service 
performance measures were not greatly affected by applying a left-lane heavy vehicle 
restriction. However, that was not the case when a 4% uphill terrain was introduced into the 
model, when the travel times of light vehicles were reduced to approximately 1 minute 
compared to the travel times of heavy vehicles. It was found that on level terrain, the speed 
was affected by less than 1.6 km/hr, whereas when a 4% uphill grade was introduced, the 
speed difference was approximately 16 km/hr. In terms of lane change, it was also found that 
in the restricted scenario, the number of lane changes was reduced compared to the 
unrestricted scenario, meaning improved road safety due to the lower number of changes. 
Finally, it was concluded that applying a left-lane heavy vehicle restriction on a 3-lane 
corridor might have little to no effect on the operational performance of the corridor, while 
enhanced road safety could be achieved by the reduction of the number of lane changes. 
(Rakha et al., 2005) evaluated numerous heavy vehicle management strategies along the I-81 
corridor in Virginia, U.S. Three general strategies were addressed in an attempt to develop 
different scenarios using INTEGRATION microscopic traffic simulation software. The three 
strategies included separating heavy vehicles from passenger cars using a physical barrier, 
applying lane restrictions, and implementing climbing lanes. A climbing lane is defined by 
the American Association of State Highway and Transportation Officials (AASHTO) as an 
extra lane for a slow moving vehicle, so that other vehicles using the normal lanes are not 
restricted and are able to pass the slower-moving vehicle. The traffic data were collected on a 
Sunday from 10am to 2pm, which was the time of highest demand based on the 24-hour data 
gathered earlier in the study. The study area was approximately 40 km long. Seven measures 
of efficiency were used to compare the proposed scenarios including average speed, average 
travel time, average delay time, fuel consumption, and HC, CO and NOx emissions.  
 
From the three general strategies mentioned above, nine scenarios were proposed. The first 
scenario represented the do-nothing case, and the second scenario separated heavy vehicles 
from passenger cars using a physical barrier, with exclusive entry and exit access points 
allocated for heavy vehicles. The third scenario included an additional left lane dedicated to 
light vehicles and a heavy vehicle climbing right lane, while the fourth scenario represented 
the opposite of the third scenario, where the dedicated passenger car lane was the right lane. 
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The fifth scenario was the addition of an extra lane without any lane restrictions, and the sixth 
scenario was identical to the third scenario, plus additional lanes to guarantee LOS C. The 
seventh scenario was identical to the fourth scenario, although with additional lanes to 
guarantee LOS C. The eighth scenario was an additional lane to guarantee LOS C, without 
imposing any lane restrictions. The ninth and final scenario was identical to the third 
scenario, but without the addition of a heavy vehicle climbing lane. Results were obtained for 
each scenario based on the measures of efficiency. It was found that the second scenario, 
using a physical barrier that separated heavy vehicles from passenger cars achieved the most 
efficient results, with the sixth scenario following in second place.  
(Yang and Regan, 2007) evaluated two different heavy vehicle lane management strategies 
against the existing conditions on I-710 corridor, California, U.S. They measured traffic 
congestion, road safety and environmental impacts of each strategy based on statistical 
analysis on the urban freeway. The I-710 corridor was selected due to the high percentage of 
heavy vehicles, ranging between 21% and 25%. Approximately 16 km of the corridor was 
selected to model the traffic movements using midday peak-time, which ranged between 
1300 and 1500 veh/hr/ln with heavy vehicles making up 13% of total traffic. They used 
PARAMICS microscopic traffic simulation software. The first proposed strategy was banning 
heavy vehicles from using the left-most lane of the corridor, while the second strategy 
involved banning heavy vehicles from using the two left lanes of the corridor.  
According to the results, the second strategy was more efficient in terms of reducing the 
average travel times compared to the first strategy.  In terms of safety, a statistical analysis 
was performed on the basis of lane-changing manoeuvres and changes in speed. An increase 
in lane changing manoeuvres would mean an increased risk of accidents and speed changes 
between light and heavy vehicles. However, they justified this finding by stating that safety 
improvements from heavy vehicle lane restrictions may not be achievable on all roads. 
Table 2.2 presents a summary of the key findings related to restriction strategies literature 
review, including the strengths and weaknesses of each strategy. 
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Table 2.2: Summary of Literature Review of Restriction Strategies 
Author Description Location Parameters Strengths/Weaknesses 
(Hoel and 
Peek, 1999) 
Impacts of heavy 
vehicle lane 
restrictions 
Virginia, 
USA 
• Density, 
• Number of lane 
changes, 
• Speed differential. 
• Application of left lane restrictions when 
the grade is more than 4% due to speed 
differentials, 
• Lane-changing manoeuvres were higher 
on the right lane; therefore, a restriction 
on the right lane was not recommended, 
• Lane restrictions did not show negative 
impacts on the network’s performance. 
(Gan and Jo, 
2003) 
Modelling different 
heavy vehicle lane 
restriction scenarios 
- 
• Percentage of heavy 
vehicles, 
• Traffic volume per 
lane, 
• Average speed, 
• Average number of 
lane changes. 
• One- lane restrictions were efficient when 
applied to 3, 4 and 5 lane corridors, 
• Two- lane restrictions were efficient when 
applied to only 4 and 5 lanes. 
(Mugarula 
and Mussa, 
2003) 
Operational impacts 
of left lane heavy 
vehicle restrictions 
USA 
• Traffic volume, 
• Percentage of heavy 
vehicles, 
• Travel time, 
• Delay time, 
• Number of Lane 
changes. 
• Left-lane heavy vehicle restriction did not 
have negative operational impacts in 
terms of travel and delay times, 
• The restriction benefited the network in 
terms of safety by reducing the number of 
lane changes. 
(Cate and 
Urbanik, 
2004) 
Operational and 
safety impacts of 
heavy vehicle lane 
restrictions 
Tennessee, 
USA 
• Average speed, 
• Average travel time, 
• Vehicle density, 
• LOS, 
• Speed differential, 
• Number of lane 
changes. 
• Application of a left- lane heavy vehicle 
restriction had little to no effects on 
operational performance, 
• The lane restriction enhanced safety by 
reducing the number of lane changes. 
(Rakha et al., 
2005) 
Modelling different 
heavy vehicle lane 
restriction scenarios 
Virginia, 
USA 
• Speed, 
• Travel time, 
• Delay time, 
• Vehicular 
emissions, 
• LOS. 
• Using physical barriers to separate the 
movement of light and heavy vehicles, 
with separate entry and exit points proved 
the most efficient strategy in terms of road 
operational and safety characteristics. 
(Yang and 
Regan, 2007) 
Comparison of heavy 
vehicle lane 
restriction strategies 
and existing 
conditions (no 
restrictions) 
California, 
USA 
• Speed differential, 
• Number of lane 
changes. 
• No significant safety improvements were 
attained based on the statistical analysis, 
• The explanation was that safety 
improvements from heavy vehicle lane 
restrictions might not be attainable in all 
areas. 
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2.3. Limitations of the Existing Studies 
 
This chapter has provided a review of the existing studies on both signal coordination and 
restriction strategies.  
The main limitations of the existing literature include: 
❖ Previous studies have examined the benefits of signal coordination in reducing delay 
time. However, those studies predominantly addressed passenger cars. The 
adjustment of signal design parameters to meet heavy vehicle operational 
characteristics has not been addressed in previous studies.  
 
❖ Almost no comprehensive heavy vehicle time or space restriction management study 
has been done based on vehicle type including rigid, heavy combination and multi 
combination.   
 
2.4. Summary 
 
It is important to have an efficient transport system in terms of delay time and traffic safety. 
This chapter covered case studies that evaluated the efficiency of heavy vehicle management 
strategies in terms of traffic operation and road safety characteristics. Based on the existing 
literature, limited studies have been undertaken in Australia on the influence of heavy 
vehicles on traffic measurements. There has been no study which associates heavy vehicles 
and signal coordination, as most signal coordination studies to date have focused on 
passenger cars as their primary objective. Furthermore, no comprehensive work has been 
done on restriction strategies based on heavy vehicle types including rigid, heavy 
combination and multi combination.  
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Chapter 3 Research Framework and Data Set 
 
 
 
3.1 Introduction 
 
This chapter outlines the research framework adopted in this dissertation. A comprehensive 
explanation of the research methodology is provided, followed by an explanation of the 
VISSIM microscopic traffic simulation software. The data set used in this research is then 
explained. A summary concludes this chapter.  
3.2 Research Methodology 
 
Figure 3.1 presents the steps followed in the present research to evaluate the application of 
two heavy vehicle management strategies: heavy vehicle restriction strategies and signal 
coordination.  
3.3 VISSIM 
 
VISSIM is a microscopic simulation software which can be used to simulate more than just 
one mode of traffic. Different modes of transport as well as different vehicle types can be 
incorporated in the model, such as passenger cars, heavy vehicles, public transport and 
bicycles. Various outputs can be generated from the simulation, including traffic engineering, 
urban planning and 3-D visualization. Signal timing and intersection design are also features 
which can be employed in the software. In addition, VISSIM’s capabilities of analysing 
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traffic characteristics and driving behaviour in both interrupted and uninterrupted traffic 
flows are  
 
Figure 3.1: Research framework 
Suggestion of the most efficient heavy vehicle management strategy 
Analysing Heavy Vehicle Management Strategies
Application of heavy vehicle restriction 
strategies by implementing a heavy 
vehicle class-based restriction strategy and 
analysing the influence on traffic 
measurements.
Implementation of a signal coordination 
arrangement and analysing the influencee 
on traffic measurements. 
Model Validation
Comparison of the observed results with the results obtained from the model. 
Model Development
Modelling Princes Highway section using 
VISSIM based on the geometric 
characteristics of the road. 
Applying traffic data into the developed 
model (traffic volumes, vehicle 
composition,average speeds, signal 
timing, etc...)
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crucial. The model considers each vehicle as a single entity, and considers the traffic flow to 
be stochastic in nature and time step-based.  
 
3.4 Data Set 
 
The road section that is used in this research is a section of Princes Highway in Melbourne, 
Australia. Figure 3.2 depicts the section from Princes Highway that was selected for this 
research. This section is 8.2 km long with 3 lanes on each direction, and 12 signalised 
intersections exist within that distance. A posted speed limit of 80 km/hr is effective 
throughout the length of the corridor section. This section is selected since it is one of the 
main corridors in Melbourne with high percentage of heavy vehicles. In addition, many 
traffic signals exist in the selected section of highway which forms interrupted traffic flows.  
VicRoads, the roads and traffic authority in Victoria, Australia, supplied the data required for 
the present research. Traffic volumes along with turning movements for the morning peak 
period along the study road segment are used to model the corridor. In addition, VicRoads 
also supplied the signal timing and phasing diagrams for each of the intersections. This 
research divided heavy vehicles into three classes, and that was done based on VicRoads 
classification of heavy vehicles. The three classes of heavy vehicles used in this study were 
rigid, heavy combination and multi combination. Rigid vehicles refer to small heavy vehicles 
such as buses or small trucks. A heavy combination vehicle refers to a truck with only one 
trailer connected to it. A multi combination heavy vehicle refers to a truck with more than 
one trailer connected to it. An aspect which was missing from the VicRoads data, and rather 
an important one, was vehicle composition. In a separate manual data collection, the heavy 
vehicle traffic volume was recorded for each heavy vehicle type and for the same time 
interval. The manual data collection was done by counting the number of heavy vehicles 
passing through the study section based on their class. Tables 3.1 and 3.2 present the detailed 
vehicle composition values for the morning peak period, as well as the off-peak period. The 
peak period data is collected between 07:30 to 08:30 am, while the off-peak traffic data is 
collected between 11:00 am – 12:00 noon.  
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Figure 3.2: Princes Highway Study Section 
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Table 3.1: Observed peak period vehicle composition 
Vehicle type Percentage 
Passenger Car 94.87% 
Rigid Vehicle 4.40% 
Heavy Combination Vehicle  0.70% 
Multi Combination Vehicle 0.03% 
 
Table 3.2: Observed off-peak period vehicle composition 
Vehicle type Percentage 
Passenger Car 92.20% 
Rigid Vehicle 6.50% 
Heavy Combination Vehicle  1.10% 
Multi Combination Vehicle 0.20% 
 
It is vital to highlight that the model will test the influence of heavy vehicle management 
strategies on high heavy vehicle compositions, as well as the observed heavy vehicle 
compositions. That target is going to be achieved by increasing the observed heavy vehicle 
composition values found in Table 3.1 and 3.2 by 5% increments reaching up to a maximum 
of 30% heavy vehicle composition. Increasing the heavy vehicle composition will be done to 
ensure that the management strategies can handle the increased heavy vehicle traffic 
volumes. It is vital to highlight that when increasing the heavy vehicle composition, the total 
volume was kept constant.  
 
3.5 Summary 
 
This chapter has presented the methodology of the research, the framework, and the data set 
employed. Traffic data supplied by VicRoads was used to develop the VISSIM model. In 
addition to the traffic data supplied by VicRoads, a field visit was completed to determine the 
vehicular composition on Princes Highway.  
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Chapter 4 VISSIM Microscopic Traffic 
Simulation  
 
 
 
4.1. Introduction 
 
This chapter presents the model development and validation process adopted for this study. 
In addition, the influence of heavy vehicles on the surrounding traffic is also examined in this 
chapter. 
4.1. Corridor Modelling 
 
The research was initiated by modelling the corridor of study using VISSIM. The model is 
built based on the physical characteristics of Princes Highway, including lane widths, entry 
points and exit points. Furthermore, the signalised intersections are modelled based on the 
default signal times put in place by VicRoads; as well as traffic characteristics, such as traffic 
volumes and heavy vehicle percentages. The signal program was developed as fixed timing, 
and that was done due to an important reason. The reason behind developing the signal 
program timing as fixed, was because the model was running at a peak hour. Therefore, it 
meant that the signal timing data which was supplied by VicRoads were the maximum time 
durations for each phase.  The turning movements’ data supplied by VicRoads was used to 
develop the routing data for vehicles within the VISSIM model.  
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4.2. Model Validation 
 
To ensure the efficiency and accuracy of the model, validation is required. Validation of the 
model is considered as one of the most integral steps when developing a model. After 
obtaining the preliminary results of the developed model, they are compared with real-life 
observed data which was obtained from VicRoads. The main traffic performance measures 
are compared between the developed model and the observed data including average travel 
times and average speeds.  
After developing the model and obtaining the relevant travel time and speed results, they are 
compared with the observed results. If the discrepancies between the two sets of results are 
within acceptable range of ≤5%, the model could be taken to the next stage: the application of 
management strategies. However, if large discrepancies are found between the model’s 
results and the observed values, calibration would be required until acceptable results are 
reached. Calibrating the model requires the verification of any data that was input into the 
developed model. It is a necessity to ensure that all geometrical features of the study section, 
traffic data (vehicle volumes, vehicle routing, vehicle compositions, vehicle speeds, etc…) 
and signal timings are input into the model accurately. Taking into consideration the huge 
amount of data that had to be input to develop the model, calibration was required throughout 
the validation process to overcome traffic performance discrepancies of >5%.    
Tables 4.1 and 4.2 show the discrepancies between observed values and the results from 
VISSIM model. The link refers to road sections between each two pair of intersections 
located along Princes Highway starting from Blackburn Road to Gladstone Road.  
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Table 4.1: Peak Period (07:30 – 08:30 AM) Average Speed Discrepancies  
Link Observed Model Discrepancy 
Average Speed (km/hr) 
Blackburn/McNaughton 25 26 +3% 
McNaughton/Westall 31 30 -2% 
Westall/Centre 47 46 -3% 
Centre/Police 52 49 -4% 
Police/Smith 64 66 +3% 
Smith/Corrigan 65 64 -2% 
Corrigan/Browns 48 50 +3% 
Browns/Dunblane 62 60 -3% 
Dunblane/Elonera 47 46 -2% 
Elonera/Heatherton 54 55 +2% 
Heatherton/Gladstone 50 52 +4% 
 
Table 4.2: Peak Period (07:30 – 08:30 AM) Average Travel Time Discrepancies 
Link Observed Model Discrepancy 
Average Travel Time (sec) 
Blackburn/McNaughton 54 52 -3% 
McNaughton/Westall 31 31 +2% 
Westall/Centre 122 125 +3% 
Centre/Police 9 9 +4% 
Police/Smith 69 66 -3% 
Smith/Corrigan 49 50 +2% 
Corrigan/Browns 69 66 -3% 
Browns/Dunblane 25 24 -3% 
Dunblane/Elonera 61 62 +2% 
Elonera/Heatherton 74 72 -2% 
Heatherton/Gladstone 68 65 -4% 
 
Tables 4.1 and 4.2 showed the discrepancies in terms of average speed and average travel 
time respectively. Both tables showed the results for the peak period. As none of the links 
yielded a discrepancy of greater than 5%, the model is acceptable.  
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Table 4.3: Off-peak Period (11:00 AM – 12:00 PM) Average Speed Discrepancies 
Link Observed Model Discrepancy 
Average Speed (km/hr) 
Blackburn/McNaughton 34 32 -3% 
McNaughton/Westall 34 33 -3% 
Westall/Centre 44 46 -4% 
Centre/Police 46 48 +2% 
Police/Smith 60 62 +2% 
Smith/Corrigan 57 60 +4% 
Corrigan/Browns 57 60 +4% 
Browns/Dunblane 56 54 -4% 
Dunblane/Elonera 58 61 +4% 
Elonera/Heatherton 55 57 +4% 
Heatherton/Gladstone 52 51 -1% 
 
Table 4.4: Off-peak Period (11:00 AM – 12:00 PM) Average Travel Time Discrepancies 
Link Observed Model Discrepancy 
Average Travel Time (sec) 
Blackburn/McNaughton 38 39 +3% 
McNaughton/Westall 30 30 +3% 
Westall/Centre 120 125 +4% 
Centre/Police 9 9 +2% 
Police/Smith 74 72 -2% 
Smith/Corrigan 56 53 -4% 
Corrigan/Browns 58 55 -4% 
Browns/Dunblane 26 27 +4% 
Dunblane/Elonera 49 46 -4% 
Elonera/Heatherton 73 69 -4% 
Heatherton/Gladstone 65 65 +1% 
 
Similar to the peak period, the off-peak period model was also deemed validated. The model 
was calibrated until all the links yielded discrepancies of less than 5%. The conclusion was 
made based on the discrepancy results presented in Tables 4.3 and 4.4.  
4.3. Heavy Vehicle Impact on Surrounding Traffic 
 
This section presents the influence which heavy vehicle pose on the surrounding traffic in 
terms of the traffic performance measures used in the research. The effects of heavy vehicles 
on the surrounding traffic are presented in the form of tables showing how heavy vehicles 
negatively impact the surrounding traffic as heavy vehicle composition is increased. The 
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traffic performance results were compared at the non-restricted scenario to ensure that all 
heavy vehicle types were present in the network.  
 
4.3.1. Peak Period  
 
Table 4.5 shows the negative effects that heavy vehicles posed on the traffic network in terms 
of the traffic performance measures. It is apparent that the negative impacts increased as the 
heavy vehicle composition was increased throughout the model. This shows that there is a 
direct relationship between the heavy vehicle composition and the traffic performance 
measures used in this study. Both average travel times and delay times increased, while 
average speeds decreased with every increase in heavy vehicle composition.  
Table 4.5: Heavy Vehicle Effect on Surrounding Traffic during Peak Period  
Heavy Vehicle Composition 10% 15% 20% 25% 30% 
Average Travel Time 9% 12% 16% 21% 33% 
Average Speed -8% -11% -14% -18% -25% 
Average Delay Time 12% 16% 22% 28% 43% 
 
4.3.2. Off-Peak Period 
 
Table 4.6 shows the impacts of heavy vehicles on the surrounding traffic during the off-peak 
period. Similar to the peak period, the impacts of increasing the heavy vehicle composition 
were negative. However, it is notable that the negative impacts on the traffic network during 
the peak period were much higher. That can be explained by the congestion rates at the two 
time periods. The off-peak period model included lesser vehicles throughout the network; 
therefore, the negative impacts were less compared to the peak period.   
  
Table 4.6: Heavy Vehicle Effect on Surrounding Traffic during Off-peak Period  
Heavy Vehicle Composition 10% 15% 20% 25% 30% 
Average Travel Time 0% 3% 5% 10% 11% 
Average Speed 0% -2% -4% -8% -10% 
Average Delay Time 1% 4% 7% 15% 18% 
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4.4. Summary  
 
This chapter provided the model development process used in the study, which included the 
corridor modelling using VISSIM, model calibration and validation. Finally, the negative 
influence that heavy vehicles pose on the surrounding traffic was also examined in this 
chapter. It is clear from the results that increasing the heavy vehicle composition causes 
increasingly negative effects on the traffic network in terms of the traffic performance 
measures. The increase in proportion of heavy vehicles, results in decrease in average speeds, 
and increase in average travel times and average delay times.    
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Chapter 5 Signal Coordination Model Results 
 
 
 
5.1. Introduction 
 
This chapter evaluates the influence of applying signal coordination on traffic measurements 
including average speed, average travel time and average delay time. At the first stages, 
signal coordination is applied to the observed vehicle composition. The heavy vehicle 
composition is then increased in different steps. The heavy vehicle composition is increased 
in 5% increments up to 30% of the observed vehicle composition values which are presented 
in Chapter 3 (Tables 3.1 and 3.2). Increasing the heavy vehicle composition is done to 
evaluate the influence of signal coordination on high heavy vehicle compositions. Three 
signal coordination set ups are applied at each heavy vehicle composition including: 
passenger cars, heavy vehicles and an optimal set up which benefits all vehicles in the 
network. The effects of signal coordination are evaluated for the morning peak period (07:00 
to 08:00 am).   
5.2. Modelling Signal Coordination 
 
Implementing signal coordination in the study area is done using the signal programming 
feature provided by VISSIM. In the corridor of study, signal coordination is implemented to 
serve vehicles moving towards the Melbourne CBD. As the model is evaluated during the 
morning peak period, it was deemed more efficient to implement signal coordination between 
07:00 and 08:00 am, because traffic volumes travelling to the Melbourne CBD are higher at 
this time period, compared to other time intervals during the day. 
Chapter 5 Signal Coordination Model Results 
30 
 
Signal coordination is where offsets of traffic signals are coordinated in one travel direction 
to provide cascading green lights for the drivers without stopping at a red light. The major 
benefits of signal coordination are decreased delay times, reduced congestion, control of 
speed of vehicles, and reduced fuel consumption and vehicular emissions. The three main 
parameters in signal coordination are cycle time, green split and offset time. This research 
focused on offset time as the main parameter.     
Initially, all signal controllers in the network perform with no offset values. This can be 
described as an uncoordinated scenario. Starting from the observed vehicle composition, 
offset values are assigned to the traffic signals. The first traffic signal is assigned an offset 
value of 0, as it is considered the starting point of the model. The following 12 traffic signals 
leading to the Melbourne CBD are assigned offset values based on the distance between each 
traffic signal and the average vehicular speeds, referred to as preliminary offset values in this 
study.  
First, the model is run under the preliminary offset values. After analysing the vehicle 
movement characteristics (e.g. acceleration/deceleration) in the network, it was found that not 
all vehicles are passing through the green waves provided by signal coordination. This is 
because the preliminary offset values are based on a travel speed of 80km/hr (posted speed 
limit). However, due to the model being run in the congested morning peak period, vehicles 
are travelling at lower speeds. Therefore, at the second step, the offset values are adjusted by 
either increasing or decreasing the offset values to adapt to the lower speeds in the corridor. 
These adjustments are necessary in order to ensure that signal coordination allows the 
maximum number of vehicles passing through the green waves produced by signal 
coordination.  
Increasing the heavy vehicle composition is done whilst maintaining the vehicle ratio based 
on the observed vehicle composition found in Table 3.1 and 3.2 in Chapter 3 of the thesis. 
For each of the six heavy vehicle composition scenarios, three signal coordination set-ups 
were implemented. Each set-up is then assessed based on three traffic measurements 
including: average speed, average travel time and average delay time. The first is a signal 
coordination set-up intended to enhance the traffic measurements for passenger cars, the 
second is a signal coordination set-up intended to enhance the traffic measurements for heavy 
vehicles, and the third is a signal coordination set-up which provides a balance between the 
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two vehicle types, which is referred to in this study as optimal signal coordination. At the 
first stage, the offset values were calculated based on the distance between each two 
consecutive intersections and the average speed of passenger cars for all 13 intersections 
(passenger car oriented signal coordination). Different offset values were analysed through 
sensitivity analysis to find the best offset combination which resulted in the minimum delay 
time for passenger cars. At the second stage, the same procedure was repeated for heavy 
vehicles heavy vehicle oriented signal coordination). At the final stage, similar procedure was 
applied to minimise the travel time of heavy vehicles and passenger cars at the same time 
(optimal signal coordination). The reason for following the above process is to ensure that the 
most efficient result at a network level is achieved and that no vehicle type is favoured over 
another. A summary of the three set-ups is provided for each heavy vehicle composition 
scenario.  The optimal signal coordination set-up is the only one discussed in detail in this 
Chapter, as it is considered unnecessary and redundant to present the detailed findings of the 
passenger car and heavy vehicle oriented signal coordination set-ups.  
5.3. Observed Heavy Vehicle Composition 
 
Figures 5.1, 5.2 and 5.3 present the results achieved by applying signal coordination for the 
observed heavy vehicle composition. The figures represent the three different signal 
coordination set-ups that are applied in the model.  
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Figure 5.1: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Passenger Car 
Oriented Signal Coordination) 
Figure 5.1 presents the results achieved by signal coordination targeting passenger cars as the 
main vehicle type to benefit from the signal set-up. It is apparent that passenger cars achieved 
more efficient results in terms of all three performance measures when compared to heavy 
vehicles. Passenger cars experienced more than a 12% increase in average speed, while 
average travel and delay times were reduced by more than 16% and 20%, respectively. At a 
network level, average speed increased by 12.58%, while average travel and delay times were 
reduced by 16.13% and 20.01%, respectively. Since passenger cars include more than 90% of 
the total observed traffic volume, the passenger car signal coordination has a positive 
influence on traffic measurements for passenger cars and for the whole network.   
 
Figure 5.2: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Heavy Vehicle 
Oriented Signal Coordination) 
Figure 5.2 presents the results achieved by the heavy vehicle oriented signal coordination set-
up. A comparison of the results achieved by heavy vehicles in Figure 5.2 and Figure 5.1 
reveals that heavy vehicles performed more efficiently. For heavy vehicles, average speed 
increased 9.79%. However, in terms of average travel and delay time, heavy vehicles 
benefited when compared to the previous set-up in Figure 5.1. Average travel time was 
reduced by 15.13%, while average delay time was reduced by 18.63%. Passenger cars 
experienced an increase of 12.57% in terms of average speed. In terms of average travel time 
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and delay time, they were both reduced 16.13% and 19.96% respectively. This set up 
benefited heavy vehicles when compared to the previous set up. However, since the 
performance of passenger cars which form more than 90% of the total traffic volume 
marginally decreased; it caused the overall results for all vehicles to slightly reduce as well.  
 
Figure 5.3: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Optimal Signal 
Coordination) 
Figure 5.3 illustrates the results achieved by applying the optimal signal coordination set-up. 
The most efficient results were achieved under this signal coordination set-up. Both 
passenger cars and heavy vehicles achieved more efficient results, as Figure 5.3 shows. A 
comparison of the network average results under this signal program yields more efficient 
results than the previous two signal programs. Therefore, this particular signal program was 
selected as the optimal signal set-up for the observed vehicle composition. The detailed 
traffic measurement results for different vehicle types are presented in Table 5.1 and Figure 
5.4.  
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Table 5.1: Traffic Performance Measures of the corridor with Optimal Signal Coordination during Peak Period 
Signal Set-up 
All 
Vehicles 
Passenger 
Cars 
Rigid 
Heavy 
Combination 
Multi 
Combination 
Un-coordinated 
Average Travel Time (s) in Network 
374.3 373.1 404.9 344.7 425.9 
Average Speed (km/hr) in Network 
29.2 29.3 26.7 30.2 31.6 
Average Delay (s) in Network 
221.9 221.0 241.4 214.4 245.0 
Signal 
Coordination 
Average Travel Time (s) in Network 
310.4 308.9 338.2 331.9 294.4 
Average Speed (km/hr) in Network 
33.2 33.4 29.9 30.0 37.8 
Average Delay (s) in Network 
174.7 173.5 195.4 207.5 149.7 
 
 
Figure 5.4: Optimal Signal Coordination Results on Traffic Performance Measures by Vehicle Type 
An analysis of the results achieved from the optimal signal coordination set-up in Table 5.1 
and Figure 5.4 shows that almost all types of vehicles benefitted from signal coordination. 
Heavy combination vehicles experienced a slight decrease in average speed of 0.58% 
throughout the network. Despite the minimal decrease in speed, which can be considered 
negligible, heavy combination vehicles still experienced lower average travel and delay 
times. All other vehicle types experienced positive results in terms of the three performance 
measures. Consequently, the average network results are positive, as the average speed 
throughout the network increased by 13.82%, while average travel time and delay time were 
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reduced by 17.09% and 21.24%, respectively. For the observed vehicle composition, all 
vehicle types experienced roughly similar positive results, with the exception of heavy 
combination vehicles. Regarding multi combination vehicles which yielded the most efficient 
results as a vehicle class, it can be said that the results yielded by this vehicle class in the 
model cannot be completely reliable. Since the number of observed multi combination 
vehicles was very low, the vehicle type performed overwhelmingly positive compared to the 
other vehicle types.  
5.4. 10% Heavy Vehicle Composition 
 
Figures 5.5, 5.6 and 5.7 present the results achieved by applying signal coordination for the 
10% heavy vehicle composition. The figures represent the three different signal coordination 
set-ups that are applied in the model. 
 
Figure 5.5: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Passenger Car 
Oriented Signal Coordination) 
Figure 5.5 presents the results achieved by applying a passenger car oriented signal 
coordination set-up. Utilising passenger car-oriented signal coordination, passenger cars 
achieved more efficient results in terms of the three performance measures when compared to 
heavy vehicles. The conclusion which can be drawn from Figure 5.5 is that passenger cars 
experienced an increase of more than 16% in terms of average speed, while experiencing a 
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reduction in terms of average travel and delay times of more than 18% and 22%, respectively. 
In relation to the traffic network as a whole, average speed increased by more than 15%, 
while average travel and delay times were reduced by 18.52% and approximately 22%, 
respectively.  
 
Figure 5.6: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Heavy Vehicle 
Oriented Signal Coordination) 
Figure 5.6 presents the results achieved by the heavy vehicle oriented signal coordination set-
up. Under the heavy vehicle-oriented signal coordination set-up, heavy vehicles performed 
more efficiently when compared to their performance in the previous set-up shown in Figure 
5.5. Figure 5.6 illustrates that heavy vehicles achieved even more efficient results in terms of 
average delay time compared passenger cars. Heavy vehicles experienced a reduction of 
24.59% in average delay time, while passenger cars experienced a reduction of 24.30%. 
Passenger cars achieved more efficient results in terms of average speed and average delay 
time. However, these are very small differences when comparing the results. On a network 
level, average speed increased by just over 17%, while average travel and delay times were 
reduced by more than 19% and 23%, respectively. 
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Figure 5.7: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Optimal Signal 
Coordination) 
Figure 5.7 illustrates the results of the application of the optimal signal coordination set-up. 
Results at a network level show that this particular set-up was the most efficient when 
compared to the previous two set-ups. Average speed was increased by more than 17%, while 
average travel and delay times were reduced by approximately 20% and 24%, respectively. In 
terms of performance based on vehicle type, passenger cars experienced more positive results 
under this set-up compared to the results achieved in Figure 5.5. However, heavy vehicles 
experienced slightly reduced results compared to the results achieved in Figure 5.6. Despite 
the minimal decrease in the traffic performance of heavy vehicles, this set-up yielded the 
most efficient results at a network level. The detailed traffic measurement results for different 
vehicle types are presented in Table 5.2 and Figure 5.8.  
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Table 5.2: Traffic Performance Measures of the corridor with Optimal Signal Coordination during Peak Period 
Signal Set-Up 
All 
Vehicles 
Passenger 
Cars 
Rigid 
Heavy 
Combination 
Multi 
Combination 
Un-coordinated 
Average Travel Time (s) 
406.6 403.5 439.2 407.5 493.7 
Average Speed (km/hr) 
26.9 27.1 25.3 26.1 27.0 
Average Delay (s) 
248.2 245.9 270.8 249.1 308.0 
Signal 
Coordination 
Average Travel Time (s) in Network 
325.7 322.0 365.3 324.3 392.2 
Average Speed (km/hr) in Network 
31.5 31.9 28.8 27.7 35.3 
Average Delay (s) in Network 
189.2 186.0 220.1 200.5 208.5 
 
 
Figure 5.8: Optimal Signal Coordination Results on Traffic Performance Measures by Vehicle Type 
Positive results were yielded by every vehicle type under the optimal signal coordination set-
up. A conclusion which can be drawn from Table 5.2 and Figure 5.8 is that one of the main 
changes which occurred when increasing the heavy vehicle composition was the positive 
impact that signal coordination had on heavy combination vehicles. As opposed to the 
minimal results which heavy combination vehicles yielded for the observed vehicle 
composition this vehicle type yielded much more efficient results under the 10% heavy 
vehicle composition. Heavy combination vehicles experienced an increase of roughly 6% in 
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terms of average speed. The increase in speed led to a reduction of more than 20% and 19% 
in average travel and delay times respectively. Since multi combination vehicles formed the 
lowest number of vehicles in the model, the results yielded by the vehicle type cannot be 
completely reliable due to the low influence on surrounding traffic. All other vehicle types 
also experienced positive results which contributed to an increase of more than 17% in 
average speed throughout the network, while also reducing average travel and delay times by 
19.90% and 23.77%, respectively at a network level. 
5.5. 15% Heavy Vehicle Composition 
 
Figures 5.9, 5.10 and 5.11 present the results achieved by applying signal coordination for 
15% heavy vehicle composition. The figures represent the three different signal coordination 
set-ups that are applied in the model.  
 
Figure 5.9: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Passenger Car 
Oriented Signal Coordination) 
Figure 5.9 illustrates the effects of applying a passenger car-oriented signal coordination set-
up. Passenger cars performed more efficiently in terms of average travel and delay times 
compared to heavy vehicles. Average travel and delay times were reduced by more than 20% 
and 24%, respectively for passenger cars, while heavy vehicles experienced a reduction of 
13.16% and about 19% in average travel and delay times, respectively. However, heavy 
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vehicles experienced a slightly greater increase in speed compared to passenger cars with a 
15% heavy vehicle composition. Heavy vehicles experienced an increase of 19.84% in 
average speed, while passenger cars experienced an increase of 19.26%. On a network level, 
average speed increased by just over 19%, while average travel and delay times were reduced 
by slightly over 20% and 24%, respectively.  
 
Figure 5.10: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Heavy Vehicle 
Oriented Signal Coordination) 
Figure 5.10 presents the results achieved by the heavy vehicle oriented signal coordination 
set-up. The implementation of a heavy vehicle-oriented signal coordination set-up improved 
the traffic performance of heavy vehicles in the network. Figure 5.10 indicates that heavy 
vehicles experienced greater reductions in average travel and delay times compared to their 
performance with passenger car-oriented signal coordination. Average travel and delay times 
were reduced by 22.28% and 26.30%, respectively for heavy vehicles. Passenger cars 
experienced a reduction of 20.15% and 23.81% in average travel and delay times. Average 
speed was the only traffic performance measure for which passenger cars experienced a 
slightly higher value compared to that of heavy vehicles. Passenger cars experienced an 
increase of 18.61%, while heavy vehicles experienced an increase of 18.46%. This difference 
can be considered minimal. At a network level average speed increased by more than 18%, 
while average travel and delay times were reduced by more than 19% and 23%, respectively.  
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Figure 5.11: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Optimal Signal 
Coordination) 
Figure 5.11 illustrates the results achieved by applying the optimal signal coordination set-up. 
The implementation of the optimal signal coordination set-up yielded the most efficient 
results at a network level. Figure 5.11 illustrates that at a network level, average speed 
increased by about 20%, while average travel and delay times were reduced by around 21% 
and 25%, respectively. The results indicate that this set-up yielded the most efficient results 
compared to the previous two signal coordination set-ups. Passenger cars experienced an 
increase of nearly 20% in average speed, and a reduction of 21.34% and 25.45% in terms of 
average travel and delay time, respectively. All three performance measures indicate that 
passenger cars performed more efficiently when compared to the results shown in Figure 5.9. 
Heavy vehicles experienced an increase of over 20% in average speed, and a decrease of 
more than 18% and 24%, in average travel and delay times respectively for heavy vehicles. 
The detailed traffic measurement results for different vehicle types are presented in Table 5.3 
and Figure 5.12.  
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Table 5.3: Traffic Performance Measures of the corridor with Optimal Signal Coordination during Peak Period 
Signal Set-Up 
All 
Vehicles 
Passenger 
Cars 
Rigid 
Heavy 
Combination 
Multi 
Combination 
Un-coordinated 
Average Travel Time (s) 
419.1 414.4 445.9 450.7 462.7 
Average Speed (km/hr) 
25.9 26.2 24.3 24.9 28.5 
Average Delay (s) 
258.0 254.2 281.0 272.6 281.1 
Signal 
Coordination 
Average Travel Time (s) in Network 
331.5 326.0 362.8 370.2 369.2 
Average Speed (km/hr) in Network 
31.1 31.5 29.2 27.7 37.4 
Average Delay (s) in Network 
193.5 189.5 214.7 225.5 188.1 
 
 
Figure 5.12: Optimal Signal Coordination Results on Traffic Performance Measures by Vehicle Type 
An increase in the heavy vehicle composition by 15%, further showed the positive impacts of 
signal coordination only increase as the heavy vehicle composition increase. Table 5.3 and 
Figure 5.12 show that all types of vehicles yielded more efficient results when compared to 
the observed vehicle composition and the 10% heavy vehicle composition. Most notably, 
rigid vehicles yielded somewhat similar results to passenger cars for this vehicular 
composition. Rigid vehicles experienced an increase of nearly 20% in average speed. In 
addition, they also experienced a reduction of 18.63% and 23.58% in average travel and 
delay times, respectively. Heavy combination vehicles experienced an increase of 
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approximately 11% in average speed, with a reduction of more than 17% in average travel 
and delay times. Despite the increase in heavy vehicle composition to 15%, multi 
combination vehicles still formed a very small number of vehicles when compared to the 
other vehicle types. Therefore, the results yielded at this vehicle composition for multi 
combination vehicles cannot be completely reliable because of their low influence on the 
surrounding traffic.   
5.6. 20% Heavy Vehicle Composition 
 
Figures 5.13, 5.14 and 5.15 present the results achieved by applying signal coordination for 
the 20% heavy vehicle composition. The figures represent the three different signal 
coordination set-ups that are applied in the model.  
 
Figure 5.13: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Passenger Car 
Oriented Signal Coordination) 
Figure 5.13 presents the results achieved by applying a passenger car oriented signal 
coordination set-up. Under a high heavy vehicle composition of 20%, passenger cars yielded 
lower results compared to heavy vehicles, as illustrated in Figure 5.13. Despite the fact the 
heavy vehicles outperformed passenger cars, this set-up was the one for which passenger cars 
yielded the most efficient results. Passenger cars experienced an increase of 17.66% in 
average speed, with reduced average travel and delay times by more than 19% and 23%, 
respectively. Heavy vehicles experienced an increase of 19.26% in average speed, with 
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reduced average travel and delay times by more than 25%. On a network level, average speed 
was increased about 17%, while average travel and delay times were reduced by more than 
19% and 22%, respectively.  
 
Figure 5.14: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Heavy Vehicle-
Oriented Signal Coordination) 
Figure 5.14 illustrates that heavy vehicles outperformed passenger cars in each of the traffic 
performance measures. The application of the heavy vehicle-oriented signal coordination led 
to an increase of more than 21% in average speed for heavy vehicles. Furthermore, heavy 
vehicles experienced a reduction in average travel and delay times of more than 25% and 
27%, respectively. Average speed increased by approximately 17% for passenger cars, while 
average travel and delay times were reduced by more than 19% and 23%, respectively. At a 
network level, average speed increased by just over 16%, and average travel and delay times 
reduced by 18.98% and 22.46%, respectively. These results were expected for heavy 
vehicles, because their proportion was increased to 20%. At a high heavy vehicle 
composition of 20%, heavy vehicle performance started to affect the overall performance of 
all vehicles in the network.  
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Figure 5.15: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Optimal Signal 
Coordination) 
Figure 5.15 illustrates the results achieved by applying the optimal signal coordination set-up. 
The optimal signal coordination set-up yielded the most efficient results at a network level. 
Figure 5.15 illustrates that at the network level, average speed increased by just over 21%, 
while average travel and delay times were reduced by more than 21% and 26%, respectively. 
In terms of individual vehicle type results, both passenger cars and heavy vehicles 
outperformed the results yielded in their respectively oriented signal coordination set-up. 
Passenger cars experienced an increase of about 22% in average speed, leading to a reduction 
of more than 22% and 26% in average travel and delay times, respectively. Average speed 
increased by just over 25% for heavy vehicles, with average travel and delay times being 
reduced by more than 29% and 31%, respectively. The detailed traffic measurement results 
for different vehicle types are presented in Table 5.4 and Figure 5.16.  
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Table 5.4: Traffic Performance Measures of the corridor with Optimal Signal Coordination during Peak Period 
Signal Set-Up 
All 
Vehicles 
Passenger 
Cars 
Rigid 
Heavy 
Combination 
Multi 
Combination 
Un-coordinated 
Average Travel Time (s) 
434.7 429.2 451.5 489.2 635.6 
Average Speed (km/hr) 
25.0 25.2 24.5 23.5 22.2 
Average Delay (s) 
271.4 267.8 282.0 306.4 386.1 
Signal 
Coordination 
Average Travel Time (s) in Network 
340.3 333.9 362.7 393.2 327.2 
Average Speed (km/hr) in Network 
30.3 30.7 29.2 26.8 31.7 
Average Delay (s) in Network 
200.4 196.0 215.1 239.7 202.3 
 
 
Figure 5.16: Optimal Signal Coordination Results on Traffic Performance Measures by Vehicle Type 
The detailed results in Table 5.4 and Figure 5.16 indicate that all vehicle types yielded 
positive results in terms of the traffic performance measures. Rigid vehicle average speed 
increased by around 19%, with average travel and delay times being reduced by more than 
19% and 23%, respectively. Heavy combination vehicles experienced an increase in average 
speed of 14%, and a reduction of more than 19% and 21% in average travel and delay times, 
respectively. Multi combination vehicles again were the vehicle type to most benefit from 
signal coordination. Average speed increased by about 43%, leading to a reduction of more 
than 48% and 47% in average travel and delay times, respectively. However, because multi 
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combination vehicles still form a very low number in the model; the results cannot be 
reliable. It is apparent from the results reported thus far that by increasing the heavy vehicle 
composition, application of signal coordination leads to increase in positive impacts.  
5.7. 25% Heavy Vehicle Composition 
 
Figures 5.17, 5.18 and 5.19 present the results achieved by applying signal coordination for 
the 25% heavy vehicle composition. The figures represent the three different signal 
coordination set-ups that are applied in the model.  
 
Figure 5.17: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Passenger Car 
Oriented Signal Coordination) 
Figure 5.17 presents the results achieved by applying a passenger car oriented signal 
coordination set-up. An analysis of the results shown in Figure 5.17 shows that passenger 
cars outperformed heavy vehicles under the passenger car-oriented signal coordination. 
Passenger cars experienced an increase in average speed of just over 23%, while heavy 
vehicles experienced an increase of more than 16%. Average travel time for passenger cars 
was reduced by 24%, while for heavy vehicles it was reduced by just over 15%. Average 
delay time for passenger cars was reduced by more than 27%, with heavy vehicles 
experiencing a reduction of approximately 19%. Considering the network as a whole, average 
speed increased by around 23%, and average travel and delay times were reduced by more 
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than 23% and 26%, respectively. Using this set up, passenger cars experienced smooth 
movement through the corridor in addition to reducing interruptions to heavy vehicles.  
 
Figure 5.18: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Heavy Vehicle 
Oriented Signal Coordination) 
Figure 5.18 illustrates the effects of applying the heavy vehicle-oriented signal coordination 
set-up. With a 25% heavy vehicle composition, heavy vehicles are not able to outperform 
passenger cars in terms of the traffic performance measures. However, the results yielded by 
heavy vehicles under this set-up show improvement over the previous set-up summarised in 
Figure 5.17. Average travel and delay times were further reduced under this set-up for heavy 
vehicles compared to the previous set-up. Heavy vehicles experienced a reduction of more 
than 17% and 20% in average travel and delay times, respectively. The average speed for 
heavy vehicles increased by just over 15%. Passenger cars yielded slightly lower results 
compared to the previous set-up in average travel and delay times. Average travel and delay 
times were reduced by more than 23% and 27%, respectively for passenger cars. The average 
speed of passenger cars increased by approximately 24%. At a network level, average speed 
increased by just over 23%, while average travel and delay times were reduced by 23.07% 
and 26.42%, respectively. The slight reduction of heavy vehicle performance under this 
vehicle composition relates to the low performance of multi combination vehicles which 
affected the overall performance of all heavy vehicles.  
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Figure 5.19: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Optimal Signal 
Coordination) 
Figure 5.19 illustrates the results of implementing the optimal signal coordination set-up. 
This set- up proved to be the most efficient, the results at a network level indicate. For the 
network as a whole, average speed increased by more than 24%, while average travel and 
delay times were reduced by more than 24% and 27%, respectively. Passenger cars 
experienced an increase in average speed of over 25%. Average travel and delay times were 
reduced by more than 24% and 28%, respectively for passenger cars. Heavy vehicles 
experienced an increase of just over 15% in average speed, leading to a reduction in average 
travel and delay times of 17.83% and 20.26%, respectively.  
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Table 5.5: Traffic Performance Measures of the corridor with Optimal Signal Coordination during Peak Period 
Signal Set-Up 
All 
Vehicles 
Passenger 
Cars 
Rigid 
Heavy 
Combination 
Multi 
Combination 
Un-coordinated 
Average Travel Time (s) 
453.5 447.3 470.5 488.7 388.6 
Average Speed (km/hr) 
24.0 24.2 23.3 22.4 28.5 
Average Delay (s) 
282.9 278.2 295.5 310.6 246.2 
Signal 
Coordination 
Average Travel Time (s) in Network 
343.5 337.1 361.0 375.2 361.4 
Average Speed (km/hr) in Network 
29.9 30.4 28.9 26.9 29.1 
Average Delay (s) in Network 
203.9 199.0 216.6 231.0 225.4 
 
 
Figure 5.20: Optimal Signal Coordination Results on Traffic Performance Measures by Vehicle Type 
Analysis of the results in Table 5.5 and Figure 5.20 indicates that the effects of applying 
optimal signal coordination can be seen for each vehicle type in the network. Passenger car 
performance has already been explained in the previous figure. Rigid vehicles experienced an 
increase of more than 23% in average speed, and average travel and delay times were reduced 
by more than 23% and 26%, respectively. Heavy combination vehicles experienced an 
increase of nearly 20% in average speed, and average travel and delay times were reduced by 
more than 23% and 25%, respectively for heavy combination vehicles. The multi 
combination vehicle class achieved lower performance figures under the 25% heavy vehicle 
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composition. Although the results yielded by the vehicle class are positive, they are lower 
when compared to the previous heavy vehicle compositions. Under this heavy vehicle 
composition, multi combination vehicles experienced an increase of 1.93% in average speed, 
and average travel and delay times were reduced by 7.01% and 8.45%, respectively. In spite 
of the low results achieved by the multi combination vehicle class, the other heavy vehicle 
classes and passenger cars helped in achieving the positive result seen at a network level. At 
heavy vehicle compositions of ≤20%, the proportion of multi combination vehicles at the 
network is very low. Due to the low proportion of multi combination vehicles, the influence 
of this vehicle type on surrounding traffic environment was noticeable at 25% heavy vehicle 
composition. The results achieved by multi combination vehicles at heavy vehicle 
compositions of ≤ 20%, indicate that this vehicle type achieved the most positive results of 
all the vehicle types. However, these results must be interpreted with caution, as the 
proportion of multi combination vehicles was very low at heavy vehicle compositions of ≤ 
20%. 
5.8. 30% Heavy Vehicle Composition 
 
Figures 5.21, 5.22 and 5.23 present the results achieved by applying signal coordination for 
the 30% heavy vehicle composition. The figures represent the three different signal 
coordination set-ups that are applied in the model.  
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Figure 5.21: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Passenger Car 
Oriented Signal Coordination) 
Figure 5.21 illustrates the results of applying the passenger car-oriented signal coordination 
set-up under a heavy vehicle composition of 30%. This figure shows that passenger cars 
outperformed heavy vehicles. In terms of average speed, passenger cars experienced an 
increase of approximately 30%, while heavy vehicles experienced an increase of nearly 26%. 
In terms of average travel time, passenger cars experienced a reduction of more than 27%, 
while heavy vehicles experienced a reduction of more than 23%. Finally, in terms of average 
delay time, passenger cars experienced a reduction of 31.08%, while heavy vehicles 
experienced a reduction of 25.12%. At a network level, the average speed increased by more 
than 28%, leading to a reduction in average travel and delay times of 26.52% and nearly 
30%, respectively. Applying a passenger car oriented signal coordination set up results in 
passenger cars experiencing smooth movement through the corridor. In addition to the 
positive performance of heavy vehicles which can be attributed to lower traffic interruptions, 
all vehicles in the network benefited from the set up. 
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Figure 5.22: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Heavy Vehicle 
Oriented Signal Coordination) 
Figure 5.22 presents the results achieved by the heavy vehicle oriented signal coordination 
set-up. A comparison of the results from Figure 5.21 and Figure 5.22 indicates that heavy 
vehicles performed more efficiently under heavy vehicle-oriented signal coordination. 
Despite the improved results by heavy vehicles, passenger cars still outperformed heavy 
vehicles under this set-up. Passenger cars yielded a 31.54% increase in average speed, while 
heavy vehicles yielded an increase of just over 29%. For average travel and delay times, 
passenger cars experienced a reduction of slightly over 28% and 32%, respectively. In 
contrast, heavy vehicles experienced a reduction of more than 25% and 27% in average travel 
and delay times, respectively. Considering all vehicles in the network, average speed 
increased by more than 30%, and average travel and delay times were reduced by more than 
27% and 31%, respectively. At a high heavy vehicle composition of 30%, the performance of 
heavy vehicles will comprehensibly affect the performance of the corridor. Since heavy 
vehicles benefited under this set up, it caused passenger cars as well to have a smooth 
movement through the corridor which in turn enhanced the overall performance of all 
vehicles.  
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Figure 5.23: Traffic Performance of Passenger Cars, Heavy Vehicles and the Whole Network (Optimal Signal 
Coordination) 
The optimal signal coordination set-up depicted in Figure 5.23 yielded the most efficient 
results at a network level. The results were marginally higher than the network results yielded 
under the heavy vehicle-oriented signal coordination set-up shown in Figure 5.21. At a 
network level, average speed increased by nearly 31%, leading to a reduction in average 
travel and delay times of approximately 28% and 32%, respectively. Both passenger cars and 
heavy vehicles also performed more efficiently compared to the previous signal coordination 
arrangements. Passenger cars experienced an increase of nearly 32% in average speed, while 
heavy vehicles experienced an increase of more than 29%. In terms of average travel and 
delay times, passenger cars experienced a reduction of more than 28% and 33%, respectively. 
For heavy vehicles, the reduction was 27.04% and 29.68%, respectively for average travel 
and delay times.  
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Table 5.6: Traffic Performance Measures of the corridor with Optimal Signal Coordination during Peak Period 
Signal Set-Up 
All 
Vehicles 
Passenger 
Cars 
Rigid 
Heavy 
Combination 
Multi 
Combination 
Un-coordinated 
Average Travel Time (s) 
498.8 491.0 517.9 514.6 504.3 
Average Speed (km/hr) 
21.8 22.1 21.1 20.6 22.7 
Average Delay (s) 
317.4 311.7 330.8 331.4 314.7 
Signal 
Coordination 
Average Travel Time (s) in Network 
360.3 349.5 386.2 385.7 349.8 
Average Speed (km/hr) in Network 
28.5 29.2 27.2 26.0 30.5 
Average Delay (s) in Network 
216.5 208.2 235.8 237.7 213.9 
 
 
Figure 5.24: Optimal Signal Coordination Results on Traffic Performance Measures by Vehicle Type 
The effect of applying the optimal signal coordination reflected positively on all vehicle 
types, as is shown in Table 5.6 and Figure 5.24. Rigid vehicles experienced an increase in 
average speed of more than 28%. Average speed also increased for heavy combination and 
multi combination vehicles by 26.11% and nearly 34%, respectively. In terms of average 
travel time, rigid vehicles experienced a reduction of more than 25%, while the reduction for 
heavy and multi combination vehicles was more than 25% and 30% respectively. In terms of 
average delay time for rigid vehicles, the reduction was 28.73%, and heavy and multi 
combination vehicles experienced a reduction of over 28% and 32% in average delay time, 
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respectively. Applying the optimal signal coordination under a 30% heavy vehicle 
composition yielded positive results for all vehicle types. Under this set up, multi 
combination vehicles even yielded results which were close to other heavy vehicle types. 
This can be justified by the proportion of multi combination vehicles at the network, which at 
this stage has increased to the point where multi combination vehicles started affect the 
surrounding traffic environment in a similar manner to that of the other heavy vehicle types. 
Due to the positive performance of multi combination vehicles and all other heavy vehicle 
types, all vehicle types experienced smooth movement which is reflected in the results.  
5.9. Summary  
 
In this Chapter, signal coordination was evaluated in VISSIM as a method to reduce traffic 
congestion on a highway section. In addition, the VISSIM model was run for different heavy 
vehicle compositions. Based on the results yielded by the model, it is shown that signal 
coordination can be considered as an effective management method for roads with high 
heavy vehicle compositions. However, it is important to highlight that with the increase in 
heavy vehicle proportion, the signal coordination set-up was adjusted by varying the offset 
values to adapt to increases in heavy vehicle compositions.  
The main conclusions drawn from applying the optimal signal coordination set up to the 
morning peak period are summarised as follows: 
❖ The positive impacts of signal coordination increased with every 5% increase in 
heavy vehicle composition. This result showed that signal coordination can be used 
as a freight management method which provides reduced congestion on roads with 
interrupted traffic flows. Table 5.7 compares traffic performance measures between 
coordinated and un-coordinated scenarios at different heavy vehicle compositions.   
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Table 5.7: Traffic Performance Measures using Optimal Signal Coordination at different Heavy Vehicle 
Compositions 
Heavy Vehicle 
Composition 
Average Travel 
Time (sec) 
Average Speed 
(km/hr) 
Average Delay 
Time (sec) 
Observed -63.9 (-17.1%) +4.0 (+13.8%) -47.1 (-21.2%) 
10% -80.9 (-19.9%) +4.6 (+17.2%) -59.0 (-23.8%) 
15% -87.6 (-20.90%) +5.1 (+19.7%) -64.5 (-25.0%) 
20% -94.5 (-21.7%) +5.3 (+21.1%) -70.9 (-26.1%) 
25% -110.0 (-24.3%) +5.9 (+24.7%) -79.0 (-27.9%) 
30% -138.5 (-27.8%) +6.7 (+30.8%) -100.9 (-31.8%) 
 
❖ Signal coordination provided all vehicle types with benefits in the three traffic 
performance measures. This shows that signal coordination can be used to enhance 
the efficiency levels of the entire traffic network, instead of focusing on a specific 
type of vehicle.  
The results from this chapter shows that the optimal signal coordination set up had positive 
impacts on all three performance measures used in the study. Therefore, signal coordination 
can be considered as an effective freight management method which provides reduced 
congestion rates on road sections with interrupted traffic flows.   
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Chapter 6 Analysis of Restriction Strategies  
 
 
 
6.1. Introduction 
 
This chapter discusses the effects of applying different restriction strategies in VISSIM. At 
the first stage, restriction strategies are applied to the observed heavy vehicle composition. 
Similar to the previous chapter, the heavy vehicle composition is then increased and 
restriction strategies are applied to those compositions. Four different restriction strategies 
targeting different classes of heavy vehicles are evaluated. Each restriction strategy is 
modelled for different heavy vehicle compositions. Heavy vehicle compositions are increased 
to measure the effect of class-based restriction strategies on different vehicular compositions. 
The heavy vehicle composition is increased at 5% increments up to 30% of the observed 
vehicle composition values. Increasing the heavy vehicle composition is done whilst 
maintaining the vehicle ratio based on the observed vehicle composition found in Table 3.1 
and 3.2 in Chapter 3 of the thesis.  
 The restriction strategies are applied to two different time periods, one-hour morning peak 
period (07:00 to 08:00 am), and a one-hour off-peak period (11:00 am to 12:00 noon). The 
influence of different restriction strategies is evaluated using average speed, average travel 
time and average delay time. Table 6.1 shows the restriction strategies to be used in this 
Chapter.  
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Table 6.1: Restriction Strategies 
Target Vehicle Description 
All Heavy Vehicles 
Target vehicles to be entirely restricted from the selected 
section of Princes Highway on the following time periods: 
 
Peak Period 
07:30 AM – 08:30 AM 
 
Off-peak Period 
11:00 AM – 12:00 PM 
Heavy Combination and 
Multi Combination 
Multi Combination 
 
Results for each restriction strategy are examined in this section. The results are divided into 
two sub-sections: the morning peak period (07:30 am – 08:30 am) and the off-peak period 
(11:00 am – 12:00 noon).  
Analysing the results is done by comparing the performance measure values obtained under 
each restriction strategy. The differences between each restriction strategy and the “No 
Restriction” strategy are displayed in the form of a figure showing the results analysed based 
on a network level. In addition, the effect of restriction strategies based on the vehicle type is 
addressed in the form of a table. The four vehicle types considered in this research are 
passenger cars, rigid vehicles, heavy combination vehicles and multi combination vehicles. 
Finally, a discussion of the results for each vehicle composition is provided below each 
figure. The discussion addresses the effects of restriction strategies on the traffic network in 
terms of the three performance measures used in this study.  
6.2. Peak Period (07:30 am – 08:30 am) 
 
This section will present the effects of applying restriction strategies during the morning peak 
period under different heavy vehicle compositions.  
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6.2.1. Observed Heavy Vehicle Composition 
 
For the observed vehicle composition, the results in Figure 6.1 indicate that restricting all 
heavy vehicles from the road section yields the most efficient results in terms of the 
performance measures. Based on the average results, it can also be concluded that the 
corridor experiences less congestion when more classes of heavy vehicles are restricted. 
Restricting all heavy vehicles increased average speed by 13.68%, and reduced the average 
delay time by 17.82% and average travel time by 12.88%. 
 
Figure 6.1: Comparison of Peak Period Restriction Strategies (Observed Vehicle Composition)  
The multi combination restriction strategy resulted in minimal improvements compared to the 
unrestricted scenario. That result can be explained by the low proportion of multi 
combination vehicles. Restricting a vehicle class with low proportion will produce minimal 
results. The multi and heavy combination restriction strategies produced enhanced results 
compared to the multi combination restriction strategy. That conclusion can be justified by 
the greater proportion of heavy combination vehicles in the network. Therefore, restricting 
more vehicles results in improved traffic performance measures. The results in Table 6.2 for 
passenger cars reflect approximately similar results to those for the network average analysis. 
Rigid vehicles experienced the greatest increase in average speed of 5.75% in the case of the 
multi and heavy combination restriction strategy. 
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Table 6.2: Changes in Peak Period Traffic Performance Measures for Different Vehicle Types (Observed Vehicle 
Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -0.4% 0.07% -0.3% 
Rigid Vehicle -2.9% 1.4% -2.8% 
Heavy Combination 6.8% -0.6% 4.1% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -3.7% 3.1% -4.4% 
Rigid Vehicle -5.4% 5.7% -5.6% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -12.6% 13.2% -17.4% 
 
6.2.2. 10% Heavy Vehicle Composition 
 
The application of the multi combination vehicle restriction strategy in this scenario had 
minor negative effects on the network performance compared to the unrestricted strategy. 
Figure 6.2 shows that the average speed decreased by 0.37%, while the average travel time 
and delay time increased by 0.25% and 0.54%, respectively. Since the proportion of multi 
combination vehicles is still low, the restriction strategy did not have any influence on the 
traffic network.  
 
Figure 6.2: Comparison of Peak Period Restriction Strategies (10% Heavy Vehicle Composition)  
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The two other restriction strategies had positive impacts on the performance measures 
throughout the network. It can be concluded that in this scenario, restricting all heavy vehicle 
classes yielded the most efficient results. Average travel time and average delay time were 
reduced by 27.37% and 36.08%, respectively, while average speed was increased by 34.55%. 
Passenger cars experienced similar results to all network users. Table 6.3 shows that the multi 
combination vehicle restriction strategy had only positive impacts on the heavy combination 
vehicles, whilst negatively impacting passenger cars and rigid vehicles. Most notably, heavy 
combination vehicle average speed increased by 4.55%. The multi and heavy combination 
vehicle restriction strategy yielded positive effects for both passenger cars and rigid vehicles. 
That can be explained by the high proportion of heavy combination vehicles under the 10% 
heavy vehicle composition. Removing them from the network in addition to the multi 
combination vehicles produced positive impacts.     
Table 6.3: Changes in Peak Period Traffic Performance Measures for Different Vehicle Types (10% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car 0.2% -0.2% 0.4% 
Rigid Vehicle 0.4% -1.7% 1.9% 
Heavy Combination -1.4% 4.5% -2.7% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -6.6% 6.7% -8.1% 
Rigid Vehicle -8.9% 6.3% -8.8% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -26.9% 33.7% -35.5% 
 
6.2.3. 15% Heavy Vehicle Composition 
 
A 15% heavy vehicle composition resulted in similar effects to the 10% heavy vehicle 
composition scenario. However, the negative effects which were experienced in the previous 
scenario under the multi combination restriction strategy increased slightly because of 
increasing the heavy vehicle composition. Figure 6.3 shows that the multi combination 
restriction strategy increased average travel time and delay time by 1.41% and 2.14% 
respectively, while average speed was reduced by 0. 88%. The multi combination restriction 
strategy caused negative impacts on both passenger cars and rigid vehicles (Table 6.4). The 
restriction strategy had marginally positive impacts on heavy combination vehicles. Average 
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travel time was reduced by 2.09% and average speed was increased by 0.76%, while average 
delay time was increased by 0.17%. However, despite these results, the proportion of multi 
combination vehicles is still low under a 15% heavy vehicle composition. Having a low 
proportion suggests that the vehicle type does not influence the surrounding traffic as much 
as vehicles with higher proportions in the network.   
 
Figure 6.3: Comparison of Peak Period Restriction Strategies (15% Heavy Vehicle Composition) 
The restriction of all heavy vehicles yielded the most efficient results in this scenario. 
Average travel time and average delay time were reduced by 30.78% and 40.11% 
respectively, while average speed was increased by 40.98%. Applying the multi and heavy 
combination vehicles restriction strategy yielded positive effects throughout the network for 
both passenger cars and rigid vehicles. The positive impacts of both strategies increased 
because larger proportions of heavy vehicles are being removed from the network, therefore 
providing improved traffic performance measures. 
 
 
 
 
 
1.41%
-0.88%
2.14%
-10.84%
12.04%
-13.24%
-30.78%
40.98%
-40.11%
-50.00%
-40.00%
-30.00%
-20.00%
-10.00%
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
Average Travel Time Average Speed Average Delay
Multi Combination Multi Combination & Heavy Combination All Heavy Vehicles
Chapter 6 Analysis of Restriction Strategies 
64 
 
Table 6.4: Changes in Peak Period Traffic Performance Measures for Different Vehicle Types (15% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car 1.4% -0.9% 2.1% 
Rigid Vehicle 1.8% -0.3% 2.6% 
Heavy Combination -2.0% 0.7% 0.1% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -10.7% 11.5% -13.0% 
Rigid Vehicle -10.4% 14.8% -13.5% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -29.9% 39.4% -39.2% 
 
6.2.4. 20% Heavy Vehicle Composition 
 
Increasing the heavy vehicle composition to 20% caused the multi combination vehicle 
restriction strategy to yield negative effects. At a network level, Figure 6.4 shows that 
average travel time and average delay time increased by 0.86% and 0.89% respectively, while 
average speed decreased by 0.56%. Despite the heavy vehicle composition being at a high 
percentage of 20%, the proportion of multi combination vehicles remains low. Consequently, 
the restriction strategy did not provide improved traffic performance measures.  
 
Figure 6.4: Comparison of Peak Period Restriction Strategies (20% Heavy Vehicle Composition)  
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The restriction of multi and heavy combination vehicles continues to show improvements as 
the heavy vehicle composition increases. According to Table 6.5, rigid vehicles yielded 
positive effects under the multi and heavy combination restriction strategy. The restriction 
strategy banning all heavy vehicles yielded the most positive effects. Average travel time and 
delay time were reduced by 33.42% and 43.02% respectively, while average speed was 
increased by 45.30%. Both restriction strategies continued to show positive effects in terms 
of the traffic performance measures as the heavy vehicle composition was increased. That 
outcome is expected as applying restriction strategies at higher heavy vehicle compositions 
will have greater positive impacts.  
Table 6.5: Changes in Peak Period Traffic Performance Measures for Different Vehicle Types (20% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car 0.9% -0.1% 0.8% 
Rigid Vehicle 1.2% -2.4% 1.8% 
Heavy Combination -3.3% -1.1% -1.6% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -9.4% 10.5% -12.0% 
Rigid Vehicle -8.8% 9.6% -11.1% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -32.5% 44.2% -42.2% 
 
6.2.5. 25% Heavy Vehicle Composition 
 
For the high heavy vehicle composition of 25%, restriction strategies resulted in more 
efficient results, as more classes of heavy vehicles were restricted with each strategy. Table 
6.7 shows that the multi combination strategy did not have any negative effects on the 
performance measures for all types of vehicles for the 25% heavy vehicle composition. In 
fact, the multi combination restriction strategy along with the other strategies resulted in 
positive effects. Most notably, heavy combination vehicles were the type of vehicle that 
showed the most efficient results under the restriction strategy. Average speed was increased 
by 8.73%, while average travel and delay time were reduced by 8.70% and 9.84%, 
respectively. Under a high heavy vehicle composition of 25%, the multi combination 
restriction strategy yielded positive effects. That can be explained by the proportion of multi 
combination vehicles in the network. The proportion of multi combination vehicles have 
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increased to a level where they started to have influence on the surrounding traffic. Therefore, 
applying the restriction strategy which removed multi combination vehicles from the network 
provided positive effects.   
 
Figure 6.5: Comparison of Peak Period Restriction Strategies (25% Heavy Vehicle Composition)  
It is clear that the restriction of all heavy vehicles yielded the most efficient results in this 
scenario, as illustrated in Figure 6.6. The average speed throughout the network increased by 
51.98%, while the average travel time and delay time were reduced by 37.18% and 46.08%, 
respectively. The multi and heavy combination restriction strategy also yielded positive 
effects. Average travel time and delay time were reduced by 10.39% and 12.22%, while 
average speed throughout the network was increased by 11.65%. Both restriction strategies 
yielded positive effects because of the larger proportion of heavy vehicles being removed 
under a 25% heavy vehicle composition. 
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Table 6.6: Changes in Peak Period Traffic Performance Measures for Different Vehicle Types (25% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -4.8% 5.8% -5.4% 
Rigid Vehicle -6.2% 6.3% -6.6% 
Heavy Combination -8.7% 8.7% -9.8% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -10.2% 11.2% -11.9% 
Rigid Vehicle -10.0% 11.8% -11.7% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -36.3% 50.3% -45.1% 
 
6.2.6. 30% Heavy Vehicle Composition 
 
For the high heavy vehicle composition of 30%, the multi combination vehicle restriction 
strategy produced improvements in traffic measurements. All types of vehicles experienced 
positive impacts under the multi combination vehicle restriction strategy, as Table 6.7 shows. 
At the network level, Figure 6.6 illustrates that average travel and delay time were reduced by 
4.28% and 4.61%, respectively; while average speed was increased 4.81%. Under a 30% 
heavy vehicle composition, multi combination vehicles increased in the network. Therefore, 
the application of the restriction strategy caused in positive effects.  
 
Figure 6.6: Comparison of Peak Period Restriction Strategies (30% Heavy Vehicle Composition)  
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The multi and heavy combination vehicle restriction strategy also yielded positive effects for 
this vehicle composition. Figure 6.6 illustrates that average travel time and delay time were 
reduced by 18.47% and 21.34%, respectively, while average speed increased by 21.98%. 
Table 6.7 shows that rigid vehicles experienced the most efficient improvements under this 
restriction strategy. Average travel time and delay were reduced by 19.25% and 21.54% 
respectively, while average speed increased by 22.24%. Based on Figure 6.7, banning all 
heavy vehicles resulted in the most efficient results throughout the network. Average speed 
increased by 65.89%, while average travel and delay time were reduced by 43.04% and 
51.79%, respectively. The application of all restriction strategies provided positive effects in 
terms of the traffic performance measures. A reasonable outcome taking into consideration 
the large proportion of heavy vehicles being removed from the network under a 30% heavy 
vehicle composition. 
Table 6.7: Changes in Peak Period Traffic Performance Measures for Different Vehicle Types (30% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -3.9% 4.8% -4.5% 
Rigid Vehicle -5.2% 4.5% -4.9% 
Heavy Combination -4.1% 5.8% -4.4% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -17.9% 21.4% -21.0% 
Rigid Vehicle -19.2% 22.2% -21.5% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -42.1% 63.4% -50.9% 
 
6.3. Off-Peak Period (11:00 am – 12:00 noon) 
 
This section will present the effects of applying restriction strategies during the morning peak 
period under different heavy vehicle compositions.  
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6.3.1 Observed Heavy Vehicle Composition 
 
The application of restriction strategies in the off-peak period had less impact in terms of the 
performance measures compared to the morning peak period. Figure 6.7 shows that the multi 
combination vehicle restriction strategy produced minimal positive effects throughout the 
network. However, rigid and heavy combination vehicles experienced negative effects under 
the restriction strategy. For rigid vehicles, average travel time and delay time were increased 
by 1.21% and 1.81%, respectively, while average speed was reduced by 1.25%. Due to the 
low number of multi combination vehicles in the network, the restriction strategy provided 
minimal improvements to traffic performance measures. 
 
Figure 6.7: Comparison of Off-peak Period Restriction Strategies (Observed Vehicle Composition)  
The multi and heavy combination vehicle restriction strategy resulted in minimal negative 
effects under this scenario. Average travel time and delay time were increased by 0.40% and 
0.51% respectively, while average speed was reduced by 0.19%. Due to the very low impact, 
the effects of this restriction strategy can be regarded as negligible. Applying the restriction 
strategy in the off-peak period which is considered un-congested produced negligible 
impacts. Restriction of all types of heavy vehicles yielded the most efficient impact 
throughout the network. Average travel time and delay time were reduced by 2.02% and 
1.52% respectively, while average speed was increased by 0.14%. Restricting all heavy 
vehicles from the corridor comprehensibly improved the traffic performance measures. Table 
6.8 presents the effects of different restriction strategies on the different vehicle types.  
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Table 6.8: Changes in Off-peak Period Traffic Performance Measures for Different Vehicle Types (Observed 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -0.2% 0.3% -0.4% 
Rigid Vehicle 1.2% -1.2% 1.8% 
Heavy Combination 4.9% 4.8% 0.7% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car 0.6% -0.3% 0.8% 
Rigid Vehicle 0.7% -1.5% 1.3% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -1.4% -0.4% -0.6% 
 
6.3.2. 10% Heavy Vehicle Composition 
 
For the heavy vehicle composition of 10%, restriction strategies produced comparable results 
to the observed scenario in the off-peak period. The multi combination vehicle restriction 
strategy produced negligible results due to their low impact on the network. That can be 
explained by the low proportion of multi combination vehicles in the network which did not 
influence the surrounding traffic environment. Figure 6.8 illustrates that average travel 
increased by 0.06% and delay time was reduced by 0.47%, while average speed increased by 
0.19%. For the multi combination vehicle restriction strategy, Table 6.9 shows that rigid 
vehicles experienced negative performance in terms of average travel and delay time. 
Average travel and delay time increased by 7.42% and 3.96%, respectively.  
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Figure 6.8: Comparison of Off-peak Period Restriction Strategies (10% Heavy Vehicle Composition)  
The multi and heavy combination vehicle restriction strategy showed minor positive effects 
at the network level. Figure 6.8 illustrates that average travel time and delay time were 
reduced by 0.53% and 0.51%, respectively, while average speed was increased by 0.25%. 
Passenger cars produced positive effects under the restriction strategy, as Table 6.9 
demonstrates, however rigid vehicles did not. In rigid vehicles, average travel time and delay 
time were increased by 1.50% and 3.42%, respectively, while average speed was reduced by 
1.42%. The restriction of all heavy vehicles yielded the most efficient results under this 
scenario, which is understandable. Figure 6.8 illustrates that average travel and delay time 
were reduced by 2.21% and 1.90%, respectively. Both restriction strategies caused minor 
positive effects on the network. The traffic in the off-peak period is uncongested, therefore, 
only minor improvements happened in terms of the traffic performance measures. 
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Table 6.9: Changes in Off-peak Period Traffic Performance Measures for Different Vehicle Types (10% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -0.07% 0.3% -0.4% 
Rigid Vehicle 2.0% -1.7% 2.4% 
Heavy Combination 7.4% 4.6% 3.9% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -0.4% 0.1% -0.4% 
Rigid Vehicle 1.5% -1.4% 3.4% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -1.3% -0.9% -0.6% 
 
6.3.3. 15% Heavy Vehicle Composition 
 
The application of restriction strategies for 15% heavy vehicle composition yielded positive 
effects at the network level. Figure 6.9 illustrates that the application of a multi combination 
vehicle restriction strategy reduced average travel time and delay time by 1.26% and 2.09%, 
respectively, while average speed was increased by 1.42%. Under this vehicle composition, 
rigid vehicles attained positive effects in the off-peak period. Table 6.10 shows that heavy 
combination vehicles experienced the greatest increase in speed across the network, where 
the average speed increased by 8.69%. Increasing the heavy vehicle composition up to 15% 
in the off-peak period caused the multi combination restriction strategy to have minor 
positive impacts. However, due to the small proportion of multi combination vehicles and the 
uncongested traffic; the effects were not that significant. 
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Figure 6.9: Comparison of Off-peak Period Restriction Strategies (15% Heavy Vehicle Composition)  
The multi and heavy combination vehicle restriction strategy also yielded improved results 
compared to the 10% heavy vehicle composition scenario. At the network level, Figure 6.9 
illustrates that average travel time and delay time were reduced by 2.63% and 3.13%, 
respectively, while average speed increased by 1.88%. Restricting all heavy vehicles 
understandably yielded the most efficient results in terms of average travel time and delay 
time. However, average speeds were lower compared to the other two restriction strategies. 
All restriction strategies under a 15% heavy vehicle composition did not yield positive 
impacts which can be taken into serious consideration. That outcome can be justified by the 
smooth traffic flow on the corridor in the off-peak period. 
Table 6.10: Changes in Off-peak Period Traffic Performance Measures for Different Vehicle Types (15% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -0.9% 1.1% -1.6% 
Rigid Vehicle -2.2% 2.1% -4.1% 
Heavy Combination 0.7% 8.6% -0.0% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -2.6% 1.7% -3.1% 
Rigid Vehicle -0.3% 0.8% -0.5% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -3.5% -0.1% -2.6% 
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6.3.4. 20% Heavy Vehicle Composition  
 
Figure 6.10 illustrates that all three restriction strategies yielded positive effects throughout 
the network. In addition, none of the vehicle types experienced negative performance values 
under any of the restriction strategies. However, Table 6.11 shows that heavy combination 
vehicles attained 4.86% lower average speed compared to 8.69% for the 15% heavy vehicle 
composition.  
 
Figure 6.10: Comparison of Off-peak Period Restriction Strategies (20% Heavy Vehicle Composition)  
Under this scenario, restricting all heavy vehicles did not yield the most efficient results at 
the network level. The multi and heavy combination vehicle restriction strategy yielded the 
most efficient results. Average travel time was lower when all heavy vehicles were restricted 
compared to the multi and heavy combination vehicle restriction strategy. Figure 6.10 
illustrates that the multi and heavy combination vehicle restriction strategy reduced average 
travel time and delay time by 4.66% and 5.92% respectively, while average speed increased 
by 3.70%. Despite the effects caused by the restriction strategies being positive, they were 
still not significant. The positive impacts have been lessened due to the uncongested traffic in 
the off-peak period. This shows the difficulty of improving traffic performance measures 
under an uncongested scenario.   
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Table 6.11: Changes in Off-peak Period Traffic Performance Measures for Different Vehicle Types (20% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -3.5% 3.5% -5.2% 
Rigid Vehicle -3.3% 1.8% -3.6% 
Heavy Combination -0.8% 4.8% -1.7% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -4.5% 3.6% -5.8% 
Rigid Vehicle -3.0% 1.9% -3.8% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -5.2% 0.2% -4.5% 
 
6.3.5. 25% Heavy Vehicle Composition 
 
All three restriction strategies yielded positive effects in terms of the three performance 
measures throughout the network. Figure 6.11 illustrates that the multi combination vehicle 
restriction strategy produced a decrease in average travel and delay time of 4.06% and 6.39% 
respectively, while average speed was increased by 4.39%.   
 
Figure 6.11: Comparison of Off-peak Period Restriction Strategies (25% Heavy Vehicle Composition)  
The most efficient restriction strategy was the multi and heavy combination vehicle 
restriction strategy. Restriction of all heavy vehicles showed the most efficient average travel 
time, however this was not the case for average speed and average delay time. The most 
-4.06%
4.39%
-6.39%
-8.59%
8.26%
-12.33%
-10.10%
3.81%
-11.13%
-15.00%
-10.00%
-5.00%
0.00%
5.00%
10.00%
Average Travel Time Average Speed Average Delay
Multi Combination Multi Combination & Heavy Combination All Heavy Vehicles
Chapter 6 Analysis of Restriction Strategies 
76 
 
notable difference can be seen in Figure 6.11, where by restricting all heavy vehicles, the 
average speed increased by 3.81%. However, under the multi and heavy combination vehicle 
restriction strategy, average speed increased by 8.26%. Under a high heavy vehicle 
composition of 25%, the positive effects of restriction strategies showed significant 
improvements. That conclusion can be explained by the large proportion of heavy vehicles 
being removed from the network. Table 6.12 presents the influence of different restriction 
strategies on different vehicle types in a network with 25% heavy vehicle composition.   
Table 6.12: Changes in Off-peak Period Traffic Performance Measures for Different Vehicle Types (25% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -4.0% 4.3% -6.3% 
Rigid Vehicle -3.9% 4.4% -6.5% 
Heavy Combination -0.5% 4.2% -2.2% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -8.4% 8.0% -12.2% 
Rigid Vehicle -7.7% 7.5% -11.1% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -9.3% 3.1% -9.9% 
 
6.3.6. 30% Heavy Vehicle Composition 
 
Positive impacts of all three restriction strategies can be seen for the performance measures. 
Figure 6.12 illustrates that average travel and delay time were reduced by 2.31% and 3.96%, 
while average speed was increased by 2.39%. 
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Figure 6.12: Comparison of Off-peak Period Restriction Strategies (30% Heavy Vehicle Composition)  
Restriction of all heavy vehicles attained the most efficient travel time result, which was a 
reduction of 10.74%. However, the multi and heavy combination vehicle restriction strategy 
proved to be the most efficient restriction strategy under this vehicle composition. This 
outcome can be explained by average speed and average delay time as traffic performance 
measures. Figure 6.12 illustrates that average speed was increased by 8.68% compared to the 
low increase of 1.04% by restricting all heavy vehicles, while average delay time was 
reduced by 13.43% compared to the 10.34% result attained for all heavy vehicles restriction 
strategy. Table 6.13 presents the influence of restriction strategies on vehicle types. Applying 
the restriction strategies under a high heavy vehicle composition of 30% caused positive 
effects. However, due to the uncongested scenario in the off-peak period, the results were not 
as significant as the results attained under the congested peak period.  
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Table 6.13: Changes in Off-peak Period Traffic Performance Measures for Different Vehicle Types (30% Heavy 
Vehicle Composition) 
Vehicle Type Average Travel Time Average Speed Average Delay 
Multi Combination Restriction Strategy 
Passenger Car -2.0% 2.1% -3.7% 
Rigid Vehicle -2.7% 3.0% -4.5% 
Heavy Combination 2.0% -0.4% 1.6% 
Multi and Heavy Combination Restriction Strategy 
Passenger Car -7.5% 7.0% -11.1% 
Rigid Vehicle -12.0% 11.6% -17.4% 
Restriction of All Heavy Vehicles Strategy 
Passenger Car -8.4% -1.0% -6.8% 
 
6.4. Summary 
 
This chapter focused on the influence of different restriction strategies on traffic 
measurements. By comparing the significance of the application of restriction strategies for 
both time periods of the day, it can be concluded that restriction strategies are far more 
effective during the morning peak period. Therefore, applying restriction strategies on heavy 
vehicles throughout the day will only yield considerable improvements with very high heavy 
vehicle compositions.    
The following list summarises the main conclusions from this chapter: 
❖ Based on the results obtained from this study, restriction strategies were far more 
effective in reducing congestion in the study area during the morning peak period 
than the off-peak period. Consequently, it is recommended that if a restriction 
strategy is to be implemented throughout the day, it is only done for very high heavy 
vehicle compositions. 
 
❖ The multi combination restriction strategy provided very minimal results compared 
to the results achieved by the other two restriction strategies. Therefore, this 
restriction strategy did not provide the desired improvements in terms of congestion 
levels in the study area.  
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❖ The multi and heavy combination restriction strategy provided positive impact which 
can be taken into serious consideration as a heavy vehicle management strategy. In 
addition, the restriction of all heavy vehicles yielded the most efficient results during 
the morning peak period. Both strategies proved to be very effective in reducing 
traffic congestion in the study area. The main distinction between the two strategies 
is that a multi and heavy combination restriction strategy allows rigid vehicles to use 
the road section. Since rigid vehicles form the majority of heavy vehicles present in 
the study area, providing them with access will cause much less impact on transport 
and logistics businesses that would be affected by the application of restriction 
strategies.  
 
❖ In higher heavy vehicle compositions, application of restriction strategies, has 
positive impact on traffic measurements including average speed, average travel time 
and average delay time. This is a comprehensible outcome, taking into consideration 
that heavy vehicles are removed from the traffic network. 
 
Restriction strategies are management strategies which can have a positive influence on 
reducing a section’s congestion. However, the freight and logistics industry would be 
influenced negatively if such strategies were to be implemented. Applying restriction 
strategies would mean that the transportation industry will need to find alternative routes 
around the restricted road section, therefore affecting those alternative routes. Nevertheless, 
this chapter has evaluated the influence of restriction strategies based on the heavy vehicle 
type, rather than simply restricting all heavy vehicles. The results show the level of 
improvement each restriction strategy can yield based on the heavy vehicle type. It also 
provided quantitative estimates of the potential congestion reduction benefits from different 
strategies to enable policy makers to make informed decisions based on evidence.    
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7.1. Conclusions 
 
This research analysed the influence of heavy vehicle management strategies on traffic 
performance measures (average speeds, average travel times and average delay times). Two 
main strategies were proposed in this thesis to address the issue of reducing traffic congestion 
caused by heavy vehicles. The first heavy vehicle management strategy proposed in this 
research was signal coordination. From existing studies, it was found that signal coordination 
is often done based on the operational characteristics (e.g. speed, acceleration, deceleration) 
of only passenger cars. This research analysed the influence of having a signal coordination 
program which takes into consideration the operational characteristics (e.g. speed, 
acceleration, deceleration) of heavy vehicles as well. The second heavy vehicle management 
strategy which was analysed in the thesis was heavy vehicle lane restriction strategies. The 
influence of both time and space restriction strategies had been examined through previous 
studies. However, heavy vehicles vary in their physical characteristics (e.g. size, length) 
based on their type. Therefore, a restriction strategy which targeted different types of heavy 
vehicles was analysed in this research. The key conclusions from each of the management 
strategies are summarised in the following subsections.  
 
7.1.1. Signal Coordination 
 
In this research, signal coordination was examined to assess its validity as an efficient method 
to reduce congestion caused by heavy vehicles. Three different signal coordination set-ups 
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were used in this research. The first set-up targeted passenger cars as the main beneficiary of 
signal coordination. The second set-up targeted heavy vehicles as the main beneficiary of 
signal coordination. The third and final set-up targeted all vehicles on the corridor. The 
influence of signal coordination was evaluated at high heavy vehicle compositions, then the 
heavy vehicle composition was increased at 5% increments reaching up to a 30% heavy 
vehicle composition. Increasing the heavy vehicle compositions tested the ability of signal 
coordination to cope with the increased number of heavy vehicles in the corridor.  The 
influence of signal coordination on reducing traffic congestion can be summarised below: 
❖ Signal coordination proved to be an efficient heavy vehicle management strategy. 
Utilising the optimal signal coordination set-up yielded positive results in terms of 
the traffic performance measures evaluated in this research. In addition, the positive 
impacts of signal coordination were increased as the heavy vehicle composition was 
increased. This shows that reducing congestion caused by even high heavy vehicle 
compositions is achievable, with the appropriate signal coordination set-up put in 
place. 
 
❖ The influence of signal coordination on 6 different heavy vehicle compositions was 
evaluated. Positive results in terms of the traffic performance measures were yielded 
for all vehicle types. This result shows that applying the appropriate signal 
coordination set-up can improve the performance of all vehicle types present in the 
network and not just passenger cars.  
 
❖ The main distinction which differentiates signal coordination from restriction 
strategies is the fact that no vehicle type is being restricted from using the corridor. 
This means that logistics and transportation services will not be affected by the 
implementation of this heavy vehicle management strategy.   
 
 
7.1.2. Restriction Strategies  
 
In this research, three restriction strategies were evaluated in this thesis. Each restriction 
strategy restricted a certain type of heavy vehicle. The heavy vehicle types were categorised 
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based on the guidelines used in the state of Victoria, Australia. The first restriction strategy 
banned multi combination vehicles from using the corridor. The second restriction strategy 
banned multi and heavy combination vehicles from using the corridor. The third restriction 
strategy banned all heavy vehicles from using the corridor. The influence of the restriction 
strategies can be summarised below: 
❖ Restriction strategies were applied to a peak and off-peak period to evaluate their 
influence throughout the day. From the results that were yielded for both time 
periods, it is recommended that restriction strategies are applied only in the morning 
peak period. However, the results yielded from the off-peak period indicate that 
restriction strategies are effective in the case of a very high heavy vehicle 
composition.  
 
❖ The application of a multi combination restriction strategy provided minimalistic 
results when compared to the other two restriction strategies. Based on this 
conclusion, it is not recommended to apply such a restriction strategy which bans 
only multi combination vehicles.  
 
❖ A multi and heavy combination restriction strategy provided improvements to the 
corridor in terms of the traffic performance measures (average speeds, average travel 
times and average delay times). Restriction of all heavy vehicles was comprehensibly 
the most effective restriction strategy in the peak period. Based on these results, it 
can be concluded that both restriction strategies (multi and heavy combination 
restriction strategy, as well as restricting all heavy vehicles) can be taken into 
consideration to reduce traffic congestion caused by heavy vehicles.  
 
❖ In terms of influence on the traffic performance measures (average speeds, average 
travel times and average delay times) that were used in this study, restricting all 
heavy vehicles was the most effective heavy vehicle management strategy. However, 
restricting all heavy vehicles from using the corridor will cause an impact on the 
transportation and logistics services to find alternative routes for their fleets. 
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7.2. Contributions 
 
This research has provided detailed evaluation of the influence of two different heavy vehicle 
management strategies: signal coordination (Chapter 5) and restriction strategies (Chapter 6). 
The contribution of each is outlined as follows: 
❖ From examining existing studies, signal coordination mostly appears to reduce 
congestion caused by passenger cars. This research showed that signal coordination 
can be used as a heavy vehicle management method on a highway with interrupted 
traffic flows and during congestion. In addition, this research also showed that signal 
coordination is capable of handling high heavy vehicle compositions.   
 
❖ Restriction strategies have been used globally for a long period of time, and their 
influence is mostly positive when they are applied. However, this research has 
provided insight on the influence of a vehicle type restriction strategy. The main 
reason for proposing such a restriction strategy was to differentiate between the types 
of heavy vehicles and provide a clear picture of the influence that each heavy vehicle 
type poses on the surrounding traffic.   
 
The results show how signal coordination and heavy vehicle restriction strategies can 
influence traffic congestion and improve road serviceability. However, the two management 
strategies applied to this case study can be applied to any other corridor with interrupted 
traffic flows. 
7.3. Future Research 
 
❖ Regarding future directions to the outcomes of this research; a cost analysis could be 
conducted on each of the restriction strategies. It should be mentioned that 
transportation and logistics industries would be the most affected entities if such 
strategies are applied. Therefore, having an understanding or forecast regarding the 
costs involved with applying such strategies would prove beneficial to transportation 
and logistics industries.  
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❖ Reduction of environmental pollutants caused by vehicles is always heavily 
associated with the advantages of signal coordination. The influence of signal 
coordination was measured only in terms of the traffic performance measures 
(average speeds, average travel times and average delay times) in this research. 
Therefore, evaluating the influence of signal coordination on vehicular emissions will 
prove beneficial.  
 
❖ Demand data was not used in this research since it was out of the study’s scope; 
therefore, a similar study which incorporates demand data would prove beneficial. In 
addition, optimisation of either restriction strategies was not implemented. Selecting 
the most efficient management strategy and applying optimisation to it would be 
considered as a major step forward in this research.   
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